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NEW USES FOR STEEL 
CAMPAIGN 


BY 


MECHANICAL, COMBUSTION, LUBRICATION, ELECTRICAL 
AND SAFETY ENGINEERING DIVISIONS 


OF 


ASSOCIATION OF IRON AND STEEL ELECTRICAL ENGINEERS 


You read in the November issue of the Iron and 
Steel Engineer that your Association would conduct a 
campaign on New Uses fcr Steel. 


There is no question that the Association will 
render a valuable service to the Iron and Steel In- 
dustry, provided the membership will co-operate to 
its fullest extent. 


The Steel Industry at the present time requires 
new markets, new outlets and new uses for its steel 
products and will welcome every assistance that our 
Association may extend to it in this connection. 


You are therefore invited to participate in this 
campaign for New Uses for Steel and it is hoped 
that you will interest every employee of your plant, 
inviting him to make suggestions through you, on 
the following plan: 





The rules printed in the Iron and Steel En- 
gineer will govern the contest. 


\ll suggestions must come through the 
membership. 


The prizes for the best suggestions will be 
paid to the membership only. 


It is suggested to every member in the 
Steel Plant that they conduct a contest for 
suggestions in their respective plant, or if 
that is not desirable, where there are a num- 
ber of members in any respective plant that 
they poo! their interests and conduct a joint 
contest for suggestions under one head. 

This will allow any employee of the Steel 
Industry to compete for a prize with his 


5th. 


6th. 


suggestions, the only stipulation being that 
any and all suggestions must come through 
the membership in that particular plant. 


The member or the joint committee of mem- 
bers may make their own rules as to the 
manner in which the money is to be dis- 
tributed, that is if any one of the sugges 
tions they offer are decided to be a winner 
of a prize. 


Here is an example: John Jones, of Plant A, 
conducts a contest for suggestions in his 
respective plant. He receives twenty-five 
suggestions from the employees of any de- 
partment of that plant. Frank Smith, a 
non-member of the Association and one of 
the employees of that plant, makes a sug- 
gestion on a plain white sheet of paper, 
signs his name, his occupation, street num- 
ber, city and state. This suggestion and 
any number Frank Smith desires to make 
is sent to the member or joint committee 
who in turn sign the name of the member 
conducting the contest and then forwards a 
copy of the suggestion to the Contest Edi- 
tor. You are to keep the original sugges- 
tions in your file for a record of the sug- 
gestions going to the Contest Editor. If 
Frank Smith’s suggestion wins a prize, the 
prize money will be sent to the member or 
joint committee who had charge of the 
contest at that plant who will in turn dis 
pose of the prize money according to the 
rules under which they conducted their con- 
test. 
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Better Construction and Better Main- 


tenance By 


Alloy 


By EARL C. SMITH 
Chief Metallurgist, Republic Steel Corp., 
Youngstown, Ohio. 


We, who live in this country, are undergoing a 
test which has been prolonged far beyond the desires 
of most of us. We are in the acute stages of an in- 
dustrial depression, an economic depression that af- 
fects more than the industrial portions of our civiliza- 
tion. It probably is not as severe in an industrial 
nation, such as ours, as an agricultural nation of the 
type of China. Such upheavals have been recorded 
before, and it is probable that this one does not mark 
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the end of economic troubles. It is in such periods 
as these that the application of knowledge previously 
gained is utilized. It has been said that the ability 
of man to reason and think is the peculiar gift that 
differentiates him from animals. That man can think 
and reason is probably best understood when it 1s 
realized that very little thinking is done without 
Men can think but few do and usually 


pressure. 
the 


only when under such stress as the nations ot 
world during the late war, or under the conditions ot! 
economic upsets which scrap industries and nations, 
wiping clear the traditions and developments and 
providing for an entirely new viewpoint. We, who 
are associated with the steel industry, are new in the 
economic world, since our industry is so recent that 
it cannot be said to be definitely established. We 
are therefore prone to wider swings than other eco 
nomic groups. We move farther in our develop 
ments but tear down faster during our slow periods. 
We must search more often through the available ma 
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The Use of 
Steels 


Presented before Cleveland District Section 


of the A. Il. & S. E. E., November, 1932. 


terials of construction since we wear out or scrap 
more often than do many industries. We must search 
more often through these available materials of construc 
tion for another reason, we, the industry, are developing 
new materials at a rate that is difficult to measure. 
Even those extremely close to the new developments 
are constantly dismayed by the news of a major 
development which appears almost overnight to re 
organize possibly a whole branch of the industry. 
No better example need be given than the applica 
tion of electric power to steel mills. The branches of 
the industry represented by The Association of Iron 
& Steel Electrical Engineers has been the cause of 
more profound changes than has any of the metal- 
lurgical processes. It is therefore of peculiar interest 
to present to such a group some information con 
cerning the tools available in the way of material 
which we, the steel industry, produce in our plants 
that may be of assistance in the eternal problem of 


better construction and better maintenance 


The early steel mills were rather crude affairs 
hey were very often associated with the iron work 


ing plants which had existed previously. These old 


iron working plants were generally small, serving 
\When the steel making process, 


but a local trade. 
as we know, it came into existence the two were 
associated due to similarity. From about 1860_ to 
1890 it would be nearly fair to say that there was the 


business with some steel business (Of course, 


iron 
during the time from 1756 till within a few years 
there was the crucible melting method, but this never 
produced any quantity of material that could be 
considered in the terms of modern steel consumption. 


The iron business had history behind it, traditions 


associated with it. It took a depression period very 
similar to the present period to put enough pressure 
upon the world to evolve the steel industry The 


reconstruction, following the serious economic dis 
turbances which involved all nations of the world 
about fiftv vears ago, was with steel. Prior to that 
time civilization had builded with timber where tem 
porary structures were desired, and stone where 
permanent edifices were intended. Iron, either cast 
or wrought, plaved but a minor part. The transporta 
tion both sea borne and on land depended upon wood 
Iron was used in shipbuilding and this was replaced 
with steel. It is very interesting to read the dis 
cussions of the ironmasters of sixty years ago con 
cerning these new products which were cast in ingot 
form ready to roll. It will be equally interesting a 
hundred years hence to read the discussions of the 
steelmakers of this age with reference to the ma 
terials we are producing and using for our construc 
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tion. We should build well and reach as far into 
the future as caution will permit so that our struc- 
tures may be among the last to go. 

When one passes the work of a genius in an in- 
dustrial way, we seldom appreciate it since industry 
is a recent thing in human affairs and we have not 
learned to measure its wonders. 

When one crosses the Eads bridge at St. Louis 
there is nothing about the construction that adver- 
tises the fact that a very considerable amount of al- 
loy steel was used. It is probably the first major 
construction job using alloy steel. A carbon steel 
with about one per cent chromium was very largely 
used and constituted a departure as radical as our 
modern steel airplane construction. Eads required 
more strength per unit of weight in his design than 
was available in the common materials of construc- 
tion. He chose as the tool to accomplish his result 
the alloy chromium. He produced with this, a ma- 
terial that solved his problem. If the same view- 
point concerning alloys may be left with this group 
their usefulness may be better appreciated. Alloys 
are but tools to be used to do special jobs. Since 
the admirable application of Eads many other men 
of genuis have reached into the unknown and placed 
into the hands of the fabricators of metals other al- 
loys and alloy steels which have wide usefulness. It 
has always seemed more desirable to refer to them 
as special steels since this designation has more 
nearly the implication that the combination used is a 
special tool for use in a peculiar circumstance. 

If one looks at the pictures of the early industrial 
construction or at such relics as exist, no point about 
them strikes as forcibly as the massive parts. That 
they were exceptionally heavy were due to the ma- 
terials from which they were made and the machin- 
ery used to make them. Precision in construction re- 
quires two things, precise materials and precise ma- 
chines. The early builder was doubly handicapped. 
His construction material was wrought iron, cast 
iron and timber. The stress that could be used on 
the metal parts was very low. The cast iron mern- 
bers probably did not exceed 1000 pounds per square 
inch except in the highly stressed areas where the 
load might get up to 10,000 pounds if in compression. 
The wrought iron members were loaded to about 
10,000 pounds per square inch. That we have made 
progress can best be measured by the comment that 
today a metal machine could stand such stresses at 
1000°F. and would be safer from faulty workman- 
ship. Not that this generation is more brilliant but 
we have moved a long way in the few years elapsed. 
We have moved so far that wrought iron is a curios- 
ity and cast iron for serious construction almost as 
much as curiosity in spite of the fact that cast irons 
with about three times the strength of the old irons 
are regularly produced. 

The earlier reference to chromium steel and its 
use to provide higher physical properties is typical 
of the applications. Chromium was known many 
vears earlier. Even its ability to produce rust re- 
sisting alloys was known many years before any serious 
application was made for physical properties. In 
{1875 the steel makers of gréat Britain recorded as 
an important point that they had been told much 
about these chrome alloys. <A _ specific mention was 
made that it had been proven that a steel containing 
two per cent chromium and less than one per cent 


DECEMBER, 1932 


carbon was actually ductile enough to permit bend- 
ing cold. This alloy and the application of a nearly 
similar composition did little but call attention to the 
parent material, steel. The fact that steel was avail- 
able and that it could be stressed to double the load 
of iron was the important discovery. Chromium went 
into the background and remained a minor metal 
until after the development of the automobile re- 
appearing in a large way as chrome vanadium steel. 
Engineers heard so much of a material that was very 
new called Bessemer steel that they tried it out. 
This Bessemer steel was the middle ground into 
which the constructor first ventured. The fact thai 
the chromium alloys were used and developed 
strength twice that of Bessemer steel made it pos- 
sible for the constructor to point out that his step 
forward was quite safe. He did not attempt to use 
the unproven special steel. He pointed out that he 
wanted the best general material and could not af- 
ford to use the older materials since this offered no 
chance to improve his product. Such reasoning in 
the early ’70s doubled the capacity of the American 
steel industry in about five years. 

[f we were to look back over the records of those 
days we would find that the boiler plants built for 
the new steel plants were of steel. Some of the very 
vital parts were still of wrought iron. The pressure 
used was about 100 pounds per square inch. ‘This 
was a decided advance for the new material, steel 
was much more dependable than the wrought iron 
that had preceded it. 

‘he rails to care for the enormous development 
of railroads of that time were made of steel. This 
was a startling advance and a terrible blow to the 
European producers of iron rails or the iron rails 
with steel heads. In the more radical of these rail- 
road construction jobs the small cars were replaced 
with larger cars in which steel was an important 
part. 

An early radical departure of bridge and car con- 
struction designed to handle heavier loads was the 
direct result of the construction of a railroad to haul 
ore to what was then known as Jones & Laugh- 
lin. The now Pittsburgh and Lake Erie might be 
considered the earliest of the modern railroads. It 
might still serve as an admirable example of excel- 
lent use of high grade materials. 

Following the great depression of the ’?0s and 
’80s the next serious spot in our history was in the 
late ’90s. In this period in which the political his- 
tory was so similar to today we again saw our in- 
dustries drop back to the despair point and hang at 
low production figures so long that the country be- 
came more upset than it is today. As one studies 
the history of our industry in those days many ref- 
erences to the Duquesne revolution turn up. Now 
this revolution was really the construction of the 
big blast furnaces. Furnaces that made as much 
per day as did the usual furnace in a week. Many 
reasons have been advanced for this revolution. The 
important ones were the discovery of new ore bodies 
of enormous size and the confidence of engineers in 
their new materials to construct these enormous 
units. By this time open hearth steels were crowd- 
ing the Bessemer products to perfection. The new 
material as in the past offered something for the 
genius to use in a peculiar way and pave the road 
for the ordinary engineer who wanted to take the 
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last ounce out of the conventional materials. The net 
result was the development of steel for construction 
purposes. The spread from the plants to the coun- 
try practically removed the wooden railroad car. It 
permanently removed timber from the heavy con- 
struction field. It eliminated the wooden boat from 
the seas. It even altered the armament of the mili- 
tary and naval units of the world. It was an im- 
portant factor foreshadowing the great European world 
war, and proved in its final conclusion to be the de- 
cisive point. Steel was so cheap and so dependable 
that engineers used it freely in every line. 

The development of our naval affairs during this 
period offered to the genius the outlet for his ener- 
gies. Most of the groundwork was laid in the des- 
perate race of the European nations to keep up to 
each other and largely the developments were Euro 
pean. ‘The most important of these was the nickel 
armor plate. This was a French invention that re 
placed the bolted composite plates of steel and iron. 
It was first presented to this country in the early 
90s in the historic Annapolis test. It made obso- 
lete the navies of the world and caused every think- 
ing engineer of that time to consider it with relation 
to his peculiar problems. By the time the depression 
at the turn of the century was over nickel steels 
were established and alloy steels were no longer 
curiosities. They were regular production in all the 
important munitions plants in Europe and America. 
Before the great volume of naval construction had 
ceased the enormous field of automotive industry 
had opened and these steels became very common. 
Curiously these steels have been used very largely 
outside our industry. “Every one’s children have 
shoes but the cobbler’s.” 

Where design required great weight as in the rail- 
road locomotive field only the reciprocating parts and 
the axles were made from these new materials. In 
our industry this limitation did not hold so narrow 
a field. A great deal of equipment existed in which 
compactness was of interest. Special gears which 
could withstand great wear and carry heavy loads 
were an early development. These gears were made 
from bar stock forgings and often castings. Com- 
pared to the soft steel gears which had displaced 
cast iron gears, the new materials offered increase of 
strength about four times the normal. ‘This increas- 
ed strength could be used to strengthen an existing 
machine or permit the redesign of an existing unit. 
It became fairly common to replace a_ troublesome 
gear with an alloy gear of the same dimensions. 
Troublesome table gears were regularly replaced 
with chrome or chrome vanadium gears, and later 
with chrome nickel and nickel gears. The desirable 
quality of the nickel steels with or without chromi- 
um is to treat from very low temperatures which per- 
mits good hardness, little strain and very little dis- 
tortion. Any part that is machined before treatment 
and used in the nearly full hard state should be con- 
sidered as properly a nickel steel requirement. This 
is especially true if the part requires case carburiz- 
ing before use in which instance the surfaces will be 
very hard. Where very large units are being made 
that require treatment, nickel steel will be found very 
desirable. The problem of strain is very important 
in such designs. Very heavy parts such as big 
shafting, big gears should be nickel or nickel chrome. 
The extremely deeply quenched parts are better of 
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chrome nickel molybdenum in which the nickel and 
manganese are fairly high. The outstanding feature 
ot the nickel series is toughness with hardness and 
the only reason for lessened use is cost. 


Where hardness is the more important problem 
the alloy usually selected is chromium. It is a deep 
hardening alloy. In amounts between one and one 
and ene half per cent its hardness varies from low 
carbon soft materials to the ball race materials of 
extreme hardness where the carbon is about one per 
cent. Chromium is the one alloy that covers the en 
tire range of usable hardness. It is the most wide 
ly used although not the simplest to use. Up to 
twenty points of carbon and carrying not over one 
per cent chrome it is the most desirable carbonizing 
steel that is available for the price. It suffers from 
the fact that it quenches so hard that distortion is 
a real problem. It is very common in parts which 
can be ground before assembly. Above the carbon 
izing range it is the one steel that must always be 
considered. Preference should be given on account 
of cost any time it is possible to use it. In one inch 
round it is water quenching to thirty five points of 
carbon with one per cent chrome and is machineable 
and usable to about 150,000 pounds per square inch 
tensile. This indicates that safe design stress can be 
nearly 70,000 pounds. By increase of carbon as the 
size increases this figure can be carried through the 
range of small shafting say three inches, and need 
only be dropped to 60,000 design stress in the sizes 
over four inches. It is nearly the economic answer 
to all parts which are machined after treatment and 
used without further retreating. Where the hard 
ness must be excessive and machine work done the 
addition of molybdenum permits work of difficult 
character to nearly 200,000 pounds. At the present 
time one piece of work is regularly bored, threaded, 
drilled at 387 to 418 Brinell with a yield point of 
165,000 pounds per sq. inch and ultimate of nearly 
200,000. It has one competitor in this field in the 
very expensive nickel chrome material with about 
three and one-half per cent nickel and one per cent 
chrome. The nickel chrome material is machineable 
at 200,000 ultimate strength but is difficult to work 
and quite expensive. 

When one considers the distance traveled from 
10,000 pounds per sq. inch design stress to 100,000 
pounds design stress and still retain machineable ma 
terial the progress in making the material and the 
more startling job of making the cutting material are 
better appreciated. The increased strength can only 
be used when the part can be shaped for use. Above 
200,000 pounds per square inch machining is no long- 
er practical, and grinding is used. Calculations have 
been made that indicate the theoretical strength of 
ferrous material as a possible million pounds per 
sq. inch. It is of interest to note that there are anti 
friction bearing assemblies now in use that are carry 
ing unit pressure loads of half that amount indicat 
ing that the stress is of the order that might be con 
sidered the fatigue limit for ferrous materials. This 
means that the modern anti-friction bearing is carry 
ing unit loads fifty times that possible a little over 
one hundred vears ago. If the present depression 
did nothing else than increase the use of anti-friction 
bearings and develop lubricants for these terrific 
pressures we might witness a revolution equaling 
that which developed with the railroad for land trans- 
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portation The steel industry has at the present time 
the revolutionary wide strip sheet mills to evaluate. 
These are purely the application of higher unit stress 
at the working points and involve anti-friction bear- 
ings to cope with the handling of these higher stress- 
One is prone to be impressed with the big 
things. A wide strip mill, with its hardened chrome 
molybdenum steel working rolls backed up by hard- 
ened steel rolls usually of the same general chemis- 
try, is impressive. The massive anti-friction bear- 
ings on the roll necks of the backup rolls carry very 
heavy loads. One mill has bearing capacity of 100,- 
000 pounds per inch of working roll face. One can- 
not help but be impressed and often loses sight of 
the important fact that the little parts of any machine 
mav take advantage of the same engineering that the 
big machine has by virtue of its value made possible. 
Shear blades, crane wheels, wear plates, shafting, 
dies, rolls, stressed bolts, in fact every part that wears 
out or breaks in service can be considered. It is 
surprising the multitude of places that a skillful ap- 
plier of alloy steels can find in a steel mill to use his 


Cs. 


tools, 

To the apparently complicated problem of phy- 
sical structure of alloy steels which have strength 
as their main item there has been added the con- 
struction from steels which do not corrode as rapid- 
ly. Corrosion is a peculiar problem and divides it- 
self into types of corrosion. We are all familiar with 
the corrosion of a metal such as iron in an acid like 
sulphuric. This is a form of wet corrosion and is 
quite common. We are less familar with the corro- 
sion caused by scaling of metals for it has been us- 
ual to replace scaling metals with refractories of a 
non-metallic character. This dry corrosion has until 
lately been a limiting factor in the use of metals at 
high temperatures. A third and quite uncommon 
type of corrosion 1s gas corrosion as for instance 
sulphur gases at high temperatures. This was so 
destructive that until very recently metals were con- 
sidered as unfit for such service. This depression 
period is the proving ground for the new member of 
the steel family, the chromium alloys usually re- 
ferred to as stainless and heat resisting materials. 
These steels have physical qualities that are very 
Thev have in fact better physical qualities 


desirable. 
Properly 


in general than do the usual alloy steels. 
treated they combine marvelous strength and excep- 
tional corrosion resisting qualities. They have in 
certain compositions the peculiar ability to stand 
stress at high temperatures. It is no longer essential 
to consider metals as unsatisfactory for furnace in- 
Heat resisting steels are regularly used at 
temperatures of 2000° F. and extremely important 
assemblies are working even higher. These metals 
deserve careful consideration for they have many 
applications still waiting for the genius to uncover. 
No spectacular job like the Eads bridge has been 
advertised to attract attention to them and steel mill 
men still consider them as foreign to their industry. 
To those more intimately associated with their manu- 
facture their application is less a problem. They 
have been tried in many places. The usual method 
is to work a piece of scrap into shape for a trial 
application study this and move gradually to the 
major applications proving the ground as one pro- 


teriors. 


ceeds. 
The most widely used of these steels is the chro- 
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mium nickel material, about .10 carbon, carrying 18 
per cent chromium and 8 per cent nickel. It was 
originally a German development and did not have 
much production in this country till about six years 
ago. It is a non-magnetic ductile material, but little 
harder than soft steel but which will harden upon 
cold working to more than double its strength in the 
soft state. It is very resistant to all ordinary forms 
of corrosion except sulphates. It is nearly immune 
to ordinary atmospheric corrosion, and is widely used. 
[In the mill it will handle all the ordinary problems 
of rust corrosion. It can be electric or gas welded 
and the welds are ductile and corrosion resistant. 
It is difficult to machine, but can be worked satis- 
factorily. Modifications of analysis are available for 
intricate machine work. It is satisfactory as a heat 
resisting material up to about 1300° F. but should 
not be considered a true heat resisting steel. 

Where corrosion is not acute and where welding 
is not a factor in assembly the more economical plain 
chrome with from 12 to 18 per cent chromium is 
very useful. It is soft, easily worked, and will be 
satisfactory in service in most cases where the cor- 
rosion is only of the wet type. Like the 18 chro- 
mium 8 nickel material it is not resistant to sulphate 
corrosion, 

Where the problem of heat resisting material is 
encountered the simpler types do not perform well. 
The simplest addition to develop heat resistance is 
the addition of silicon. The scale formed is very 
tenacious and the effect of oxidation is minimized 
by the fact that the first scale strips off only under 
exceptional circumstances. It is reasonable to feel 
that if the original scale hangs on the surface below 
it erodes very slowly due to the protecting action. 
Heat resisting steels are therefore essentially non- 
scaling steels. 

Heat resisting steels offer another tool for con- 
struction in that they are not only non-scaling, but 
also very strong at high temperatures. They can 
hardly be classed as steel since they are really heat 
resisting alloys in which both the carbon and the 
iron of steel are only incidental. The simplest is 
the high chromium steel carrying about 25 to 30 
per cent chromium. It is very resistant to sulphur 
gases and is used where this is the major problem. 
It is not very ductile cold, but quite ductile when 
hot. It therefore does not work well in units that 
require frequent dismantling. 

When enough nickel is added to these high chro- 
mium steels, say over 25 chromium to make them 
ductile, when cold, a very satisfactory material is 
possible. The series with 25 chromium 12 nickel and 
about one per cent silicon fabricates well and will 
be ductile when cold. It is not satisfactory in high 
sulphur gases. It is the general low price heat re- 
sisting steel. It makes admirable material for all 
construction that does not exceed 1800° F. 

Where exceptional service is planned that would 
mean temperatures over 1800° F. the usual material 
contains 25 chrome, 20 nickel and 2 silicon. It is 
made in a steel mill but that might be said to be the 
only reason for calling it a steel. It is an interesting 
material. Practically scale free, up to 2000° F. and 
about as strong at 1500° F. as wrought iron when 
cold. It is really a metallic refractory more like the 
Nichrome series. It is quite resistant to sulphur gas 
corrosion and is generally satisfactory for all manner 
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of furnace construction. Many thousands of dollars 
are invested in cast alloys of about this type in 
normalizing furnaces which operate at about 1800° F. 
Above 2000° F. heat resisting alloys are required. 

The heat resisting materials are forcing a new 
Viewpoint into the welding of metals. Other ma- 
terials worked at lower temperatures could be joined 
by other methods. The heat resisting steels are only 
satisfactorily assembled by welding and have pre- 
sented many problems. These steels as a class are much 
more sensitive to procedure than the simpler steels. 
They have as a class a peculiar characteristic of ab- 
sorbing a lot of certain gases just above their melt- 
ing point only to give it off if heated very hot as 
metals are when arc welded. If the proper procedure 
is used the welds are sound. The study of welding 
of the simpler materials will eventually explain this. 
The expense involved in construction of large units 
from these materials by welding make it imperative 
that more be known of these metals. 

The general subject of metals and temperature 
could be the topic for a week’s meeting. In fact the 
volume covering the A.S.T.M. discussion has more 
than 700 pages of information. This volume now in 
permanent form with the discussions might be con 
sidered a sort of handbook in the field. To those 
interested in critical study of this field this volume 
will be found as a most useful foundation. 

Such a meeting as this will have served its pur- 
pose if but one person be interested enough to apply 
but a single idea to practical use. It seems that it 
is but appropriate to ask the consideration of such a 
group as this for more interest in the welding of 
metals by the metallic and carbon are methods. It 
is peculiar of electric welding that it is known onl) 
to electrical men and used only by mechanical men. 
It is realized that such a statement is an exaggeration 
but in principle it is correct. The associated workers 
in our industry do not know and with a well founded 
dread of electricity will be some years getting even 
a working knowledge. If the electrical men and 
mechanical men who use electric welding would ob- 
serve their metals closely they would discover that 
much variation existed. So much so that it might 
and probably will be a method of test before many 
more years. It is peculiar that neither the makers 
of steel nor the metallurgists of steel mills have 
understood welding to a degree that would be useful. 
It is customary to get steel any place as long as it 
is fairly low carbon and weld or not and charge the 
whole affair to the welder. If the co-operative ob 
servation of the welders and mechanics in the steel 
mills can be focused on steels that weld and steels 
that require skillful handling before they can be 
welded it will be possible to produce at all times 
good welding materials. With our present knowl- 
edge of the art no maker of steels wishes to con- 
sider a specification for welding steels. Such a group 
as this can furnish to the industry the vital informa 
tion in the way of specimens of good and bad ma 
terial. If it is attracted to the attention of the 
welders that better material will certainly be avail- 
able as soon as it has been determined why it is 
better, these men will soon locate and deliver to their 
metallurgical co-workers enough samples to furnish 
the test material. It might serve to bring closer 
contact between the welders and the steel makers. 
Under present conditions the welder is a man whom 
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the steel maker sees only as a friend who helps out 
in time of breakdown. Neither may realize that they 
are both steel makers. To venture a prophecy is 
rash, but when the welders look to the accumulated 
experience of the melter for characteristics of liquid 
steel the melters will look to the welder for new 
information concerning the product from their fur 
naces. The history of this depression will be very 
closely bound up with the success of these two 
groups in knowing each others requirements. New 
steels will, in fact are, being made. New construc 
tion will be possible, as witness the German cruisers. 
If one spectacular job of world wide fame could 
come from welded steel, alloy or otherwise, we might 
see an entire reversal of the present trend. Such is 
not impossible when one considers that experimental 
alloy steel construction has been accomplished where 
the weight strength ratio is equal, in fact slightly 
exceeds that possible with the aluminum alloys. It 
is of more than passing interest that it depends upon 
electric spot welding. So to the electrical engineers 
of our industry we ask consideration. Show the way 
to a new era. 


[It will be interesting to note a report on all steels 
used for various parts with their hardness and reason 
for using. 


: Brinell Reason for 
No. Type of Steel Parts Used For Hardness Using 

1 SAE 1015 Collars, stopper pins None Ordinary forgings 
Common § steel & rods, hooks, bolts, (gen'’l work) 
.10 to .20 Carbon braces, bars, ravels, 

.30 to .60 Mane. scrapers, etc. 

2 SAE 1045 Wrenches, crane None General forgings 
Common steel hooks, wedges, turn- that require a lit- 
.40 to .50 Carbon buckles, foundation tle more tough- 
.50 to .80 Mang. bolts, couplings, col- ness. 

lars, studs and 
ecrews, etc. 
3 SAE 2320 Carbonized parts. General carbon- 


izing steel. 


4 SAE 2340 Special bolts, pins 302-371 Highly stressed 
Nickel steel and studs, special bolts to stand 
-35 to .45 Carbon shafting. friction, ete. 

3% to 3.5% Nick. 
.50 to .80 Mang. Gears. 418-477 
5 SAE 3140 All shafting under 269-302 Heat treated to 
5” rd. best physicals to 


stand all kinds 
of serv ice. 


6 SAE 3150 Holders for jaws on 250-300 Must be very stiff 
Chr. Ni. steel stretcher levelers, in- 269-302 and not brittle 
.35 to .55 Car. got rams, pump 
.50 to .80 Mang. shafts, rods, ete. 


.45 to .75 Chr. 
1.00 to 1.50 Ni. 


7 SAE 3195 Cold metal cutting 578-600 Cutting edge. 
such as slitter blades. 


8 SAE 4145 Shafting under 5” rd. 269-302 Has good ma- 
Chr. Moly. steel Press dies. chining qualities 
.40 to .50 Carbon at fairly high 
.40 to .70 Mang. 302-350 hardness. Must 
.80 to 1.10 Chr. resist wear but 
.15 to .25 Moly. must be machin- 

ed after harden- 
ing. 
Special cold cuts. 555-578 Requires avery 


critical treatment 
to develop tough- 
ness at high 
hardness. 


9 SAE 5140 Pinions and gears. 144-512 Must resist wear 
of hardened cast 
gears. 

10 SAE 5150 Shear blades for all 418-512 Must resist wear 
Car. Chr. steel bar mills for hot at fairly high 
.85 to .55 Carbon cutting. temperatures. 

.50 to .80 Mang. Sheave wheels, 
.80 to .1.10 Chr. sprockets and large 302-350 Very tough at 
pins, ete. this hardness. 

11 SAE 6140 Pinions and gears of 444-512 Must resist wear. 


all kinds. 
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No. Type of Steel 


12 SAE 6150 
Chr. Van. steel 
.35 to .55 Carbon 
.50 to .80 Mang. 
.80 to 1.10 Chr. 
.15 to .20 Van. 


13 SAE 9250 
Si. Mang. steel 


.50 to .55 Carbon 
.60 to .90 Mang. 
1.80 to 2.10 Sil. 


14 Chr. Ni. Moly. 
.30 to .40 Carbon 


.50 to .80 Mang. 
.60 to .80 Chr. 


.25 to .85 Moly. 
1.50 to 2.00 Ni. 


15 Chr. Ni. Moly. 
.50 to .60 Carbon 
.50 to .80 Mang. 
.60 to .80 Chr. 
.15 to .25 Moly. 
1.50 to 2.00 Ni. 


16 Chr. Ni. Moly. 


17 2%% Ni. steel 
5 to .385 Carbon 
0 to .90 Mang. 
2% to 3.00 Ni. 


18 Nickel Moly. 
.10 to .20 Carbon 
.30 to .60 Mang. 


1.50 to 2.00 Ni. 
.20 to .30 Moly. 


19 Car. Van. steel 
.80 to .90 Carbon 
-15 max. Van, 


.40 max. Mang. 


20 Crucia steel 
.80 to .90 Carbon 
.30 to .50 Mang. 
-20 to .35 Chr. 


21 Car. Van. 
High Manganese 
(.70-.80) 
.40 to .50 Carbon 
-15 to .20 Van. 
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Parts Used For 


Pins and studs for 
rollers and pig ma- 
chines. 

Hot cutting shear 
blades for all bar 
mill shears. 


Track wheels _ for 
cranes. 

Rolls and shafts for 
large Hyatt bearings. 


Pins for Harrington 
stokers. 


Chipping chisels. 


Special hand chisels. 
Punches and dies for 
punch presses. 


Knife liners for mill 
shears. 


Piston rods for ham- 
mers and press. 


Some small shafting. 


Die blocks for ham- 
mers and press. 

All crane track 
wheels. 


Large rolls. 


Casing for Hyatt 
bearings (large). 


For all large parts 
too big to quench 
and draw. 


Lifting blocks for 
engine valves, set 
screws, special bolts, 
pins. 


All cold cutting 
shear knives. 

Jaws for straighten- 
ing. 
Rollers for roller 
leveler. 

Pistons and nozzies 
for air hammers. 


Hammers for ham- 
mer mill. 
Cracker shear knives. 


Draw bench jaws. 


Forming rolls. 
Stems and nuts for 
punch press. 
Jaws, pipe cutters, 
rolls, tools, hand 
chisels, bars, dies, etc. 


Hot mill screws. 
Locomotive axles. 
Very large shafting. 
Large rams. 
Charging machine 
peels. 
Arbors for 
grinders. 
All large tough forg- 
ings. 


Enduro 
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Brinell Reason for 
Hardness Using No. Type of Steel Parts Used For 
: 22 High Carbon Rollers for Harring- 
pe Nee Must resist wear High Chrome ton stoker. 
495-555 of chilled iron. .95 to 1.10 Car. Ball races for all 


No lubrication. .20 to .50 Mang. cranes. 


Must resist wear 1.20 to 1.50 Chr. 


418-512 : 
at high tempera- Rolls for straighten- 
ture, not as good ing machine. 
ae as Chr. Ni. , Roller leveler rolls. 
477-512 Moly. 50-55 Carb. 
. Lathe centers. 
144-512 Must resist wear 
against Hyatt Tong bits, etc. 
bearings. 
477-555 Must resist wear 
against hardened 
rollers. No lubri- 
cation. 23 Toncan Ena. Stk. Side sheets for loco- 


.02 to .04: Carbon motives. 

.10 to .15 Mang. 
Must hold cutting .001 to .005 Sil. All working parts in 
edge under’ bad galvanizing machine 
condition. vats. 
Must be especially 


heat treated. 


600-627 


495-532 
495-555 
24 KA-2 & KA-2- Skid bars for sheet 
Enduro 18-8 and pair furnace. 
-04 to .12 Carbon Soot blowers and 
302-321 Must resist wear nozzles. 
of hardened shear .40 to .50 Mang. All bolts and _ tie 


knife. -20 to .30 Sil. rods for acid cars. 
302-321 Must resist shock 17.00 to 18.00 Chr. All metal parts on 

(machine after 8.00 to 9.00 Ni. car type furnaces. 

hardening). Some pump» shafts, 
255-300 Used only when valve seats and rods. 

SAE 3140 is not 

available. 

Or 
25 22.00 to 25.00 Chr. All places where 

321-495 Must not wear 17.00 to 20.00 Ni. heat is a factor. 


under high tem- .15 Carbon Some valve seats. 

perature, .40 to .60 Mang. 

Must be hard to .1.00 to 1.50 Sil. Best type made by us 

resist wear, must KNC-S-Enduro for resisting heat. 

not slip on rail. 

Never much suc- 

cess with large 26 Nitralloy G-H 

rolls. .20 to .40 Carbon 
.40 to .60 Mang. 
.20 to .30 Sil. 


444-512 


418-495 
Shear Cams. 
Roller leveler rolls. 


350-418 Must have ma- Valve seats and bon- 


terial that will nets. 
harden in large 1.20 to 1.30 Alu. Bushings and shafts 
section. 1.50 to 1.60 Chr. on straightening ma- 
chines. 
.15 to .25 Moly. Nozzles in O.H. 


Very good _ for Burners. 
high impacts aft- Pins on 
er toughening stokers. 
treatment of nor- 
malize and draw. 


240-269 
Harrington 


27 Type “V”’ steel Rollers for reels at 
High Chr. Sil. 8” mill. 


Carbu- Very good ease .60 to .70 Carbon 
rized hardening steel .30 to .40 Mang. Tong bits (not avail- 
and for parts that 2.00 to 3.00 Chr. able at all times). 
hard- must have very 3.00 to 4.60 Sil. 
ened to hard surface. 
627-652 
28 Straight Carbon Coil springs of all 
kinds. 
Spring steel All tongs for corpo- 
512-555 Must have good ration. 


cutting edge. .90 to 1.05 Car. Furnace tools, bars, 
Must be hard and etc. 
600-627 have strength. .25 to .50 Sil. 


555-600 Must resist wear. 29 Chrome Tungsten Chipping chisels. 
.80 to .90 Carbon 
600-627 Must be very .30 to .40 Mang. Special tools. 


hard and tough. 1.90 to 2.10 Chr. 
.75 to .90 Tung. 
Must resist con- 

tinual wear. 30 
Must have good .10 to .15 Carbon 
cutting edge. .30 to .50 Mang. 


Engine Bolt Stk. Side guard bolts, 
many other special 
bolts. Stay bolts. 


600-627 
600-627 


555-600 Must have str’geth .20 to .30 Sil. 
and hardness. .50 to .70 Ni. 
600-627 Must be very hard. .10 to .20 Moly. 
Special ht. treat- 
512-555 ment required. 
600-627 31 Wrought Iron All chains over en- 
512-627 Special heat .02 to .05 Carbon tire corporation. 


.50 to .70 Mang. 
.15 max. Sul. 
.15 max. Phos. Some 


(Nor- This steel has and studs. 


treatments. 
special bolts 


malize very high str’gth 
and when treated in 
draw) this manner, and 
is not hard to 32 Ni. Moly. Cast. Large gears, bevel 


gears, gas producer 
fingers and all large 
.20 to .80 Moly. castings, where hard- 
.60 to .80 Mang. ness and toughness 
.20 to .40 Sil. is a factor. 


.35 to .45 Carbon 


machine with a 
.50 to 1.00 Ni. 


good fine grain. 
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Brinell 
Hardness 


600-652 


600-652 


600-627 
555-600 
600-652 


None 


None 


None 


None 
None 
None 
An- 


nealed 
Annild. 


Annld. 
Annld. 


Annld. 

Annld. 
Annld. 
Annld. 
Regu'r 


Treat- 
ments 


627-652 


402-444 


302-418 


578-600 


None 


(An- 

nealed 
at in- 
terv’ls) 


380-495 


Reason for 
Using 


Must be very hard 
to resist wear. 
Must be very hard 
to resist weal 
but not brittle. 
Needs specia 
treatment. 

Needs special 
treatment. 

Needs special 
treatment. 

Hold up on edge 
at high tempcra- 
ture. 


Resist corrosion 
better than steel 
plates. 

Slow solution in 
zine. 


Stands up under 
heat. 

Stands up under 
heat. 

Stands up under 
acid. 

Stands up under 
heat. 

High in resisting 
vibration loads. 


Will not rust. 


Does not cut out 
at high tempera- 
ture under heavy 
pressure. 


Must resist wear 
under pressure. 
Must resist wear 
under pressure. 
Must resist wear 
under pressure. 


Will not cut out. 


Not in service at 
this date. 


Must resist ex- 
cessive wear at 
high temperature. 


Must resist shock. 
Special treatm’ts. 


Special treatm’ts. 


Must be very hard 
and tough. 
Special treatm’ts. 


Used when sud- 
den jar without 
twisting operation 
is applied. Has 
given very good 
service. 


Must have extra 
stretching quali- 
tles. 

Absolutely no brit- 
tleness (safety 
item). Must be 
flexible. 


Getting very good 
results without 
much breakage or 
other brittleness. 
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Synchronous 
Ties 


A 
By H. A. WINNE 


Industrial Engineering Department, General 
Electric Co., Schenectady, N. Y. 


Presented before the Chicago District Section 
of the A. |. & S. E. E., April, 1932. 


A discussion of the different electrical methods of 


obtaining synchronous, or approximately synchron- 
ous, and in many cases also adjustable, speed rela- 
tions between two or more motor drives. 


The title of this paper may cause considerable 
wonder in the minds of those who have not had oc- 
casion to make use of some of the various forms of 
“synchronous ties.” Let me state at the outset that 
it does not involve that much discussed (between 
husband and wife) subject of neckties, nor railroad 
ties, either of wood or arc welded steel. A synchron- 
ous tie, in the sense in which the words are used in 
this paper, is a method of insuring synchronous, or 
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approximately synchronous, speed relations between 
two or more motor driven mechanisms. In many 
applications this synchronous relation must be main- 
tained under varying conditions of load and speed, 
and it must also be possible to adjust the ratio be- 
tween the speeds of the various motors. In other 
words, an adjustable synchronous tie is often needed. 

In this paper I shall not attempt to discuss fully 
the question as to when and where synchronous ties 
should be used, but shall limit myself to a considera- 
tion of the various methods of obtaining synchron- 
ous, or approximately synchronous, ties, and a brief 
description of some of the applications which have 
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been made. My remarks will be confined, in general, 
to the developments by the General Electric Com- 
pany, with which I am most familiar. 


|. Simple Synchronous Motors 

Obviously, the simplest form of synchronous tie 
is the use of synchronous motors for the driving 
units. This method has recently been used on a six- 


| Synchronizing 
Z 


FIG. I—D-c. motors syn 
chronized by connect- 
ing collector rings to 
common bus. 


Bus 
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stand continuous bar mill, where three synchronous 
motors each drive two stands, replacing the usual 
single motor with lay shaft and bevel gears. With 
this arrangement the speed ratios between the vari 
ous drives can not be changed unless some mechan 
ical system, such as cone pulleys and belt, is intro 
duced between the motor and the driven device. 
Neither can the speed of all the drives be changed 
simultaneously unless they are supplied with power 
from an adjustable frequency source. 


2. D.C. Motors with Collector Rings 

\ method which was used about 1909 for syn 
chronizing the speeds of d-c. motors driving sections of 
a paper machine was to equip each d-c. motor armature 
with 2-phase collector rings. Corresponding rings on the 
various motors were then connected to common 
buses. If one of the motors tended to slow down, 
its armature would drop back slightly in angular 
position, which would cause a-c. power to be de 
livered to it from the remaining motors, holding it in 
step. Under this condition the other motors would 
be acting partly as d-c. motors delivering mechanical 
power, and partly as inverted rotary converters de 
livering a-c. power to the motor which was trying 
to slow down. 

This system possessed two disadvantages. The 
amount of power which could be transferred thru 
the collector rings without seriously affecting com 
mutation was small, as a converter requires a much 
weaker commutating field than does a straight motor. 
Adjustment of speed ratios necessitated cone pulleys, 
or other arrangements which transmitted the full 
power of the drive. This latter was really the most 
serious handicap. 


3. D.C. Motors with Auxiliary Belted Synchronous Motors 

A number of sectional paper mill drives were 
built, beginning about 1919, in which the synchron 
ous tie was obtained by belting a small synchronous 
motor, thru cone pulleys, to each main d-c. motor, 
and electrically connecting these synchronous motors 
to a common bus. The strength of the tie was, of 
course, limited to the pullout torque of the auxiliary 
synchronous motors, but for the service involved it 
was found perfectly satisfactory to use synchronous 
motors of about 20% of the capacity of the main 
motors. With this arrangement the cone pulleys 
and belts permit of adjusting the speed ratios of the 
various drives, and are called on to transmit only a 
small amount of power. 
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4. D.C. Motors with Revolving Frame Auxiliary Synchronous 

Motors 

\ further step in the development of synchronous 
ties for paper mill service eliminated the power trans- 
mitting cone pulleys. An auxiliary synchronous mo- 
tor was geared or direct connected to each main 
motor, and all synchronous motors were connected 
to a common bus. Then in order to provide for some 
adjustment of speed ratio the frame of each synchronous 











J 
FIG. 2—D-c. motor with 
belted synchronous 
> motor for speed syn- 
u chronizing _ purposes. 
? All synchronous mo- 
| tors connected to 
| common bus. 
| 
wil 
mm _ i 


motor was made rotatable, and driven by a small 
adjustable speed d-c. motor. Obviously, by varying 
the relative speeds of the frames of the synchronous 
motors, the relative speeds of their rotors, and con- 
sequently of the d-c. motors, could be changed in the 
opposite way. 

Inasmuch as most of the early development work 
on synchronous ties was in connection with paper 
mill sectional drives. we may as well follow the de- 
velopment of apparatus for this application thru to 
the present time. All of the foregoing methods of 
tving together d-c. motor speeds depend for their 
success on the actual transmission of power from one 
device to another, so that the d-c. motor which 1s 
tending to run too slowly may be relieved of some 
of its load. Of course, a drooping speed-load char- 
acteristic for the d-c. motors is presupposed. The 
last two schemes were both quite successful, but in- 
volved rather expensive auxiliary apparatus. Conse- 
quently, regulators were developed which operated 
directly on the field circuits of the main d-c. motors, 
and still gave a synchronous tie. 


FIG. 3—D-c. motor with 
direct connected syn- 
chronous motor. The 
synchronous motor 
has a rotatable frame, 
driven by the small 
d-c. motor. 














5. Dynamometer Type Regulator 
One of the most successful types of paper mill 
regulators is the dynamometer type. A_ fractional 
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horsepower synchronous motor is mounted so that 
its frame is free to rotate thru part of a revolution, 
and is mechanically connected to the brushes on a 
stationary commutator whose segments connect to 
taps on the resistor in the main motor field circuit. 
Movement of the synchronous motor stator thereby 
changes the resistance in the motor field circuit. 
The rotor of the small synchronous motor is driven 
by the main motor thru a small set of cone pulleys. 
The stator is electrically connected to a bus, in com- 
mon with the other regulating equipments in the 
mill, which is fed from a three phase generator 
driven by an adjustable speed d-c. motor. 

Now, if we apply a given a-c. frequency to the 
stator of the synchronous motor, and drive its rotor 
at exactly synchronous speed, the frame will not 
move. If the main d-c. motor, and therefore the 
rotor, tends to slow down, and therefore drops back 
slightly, a torque will be exerted on the frame, caus- 
ing it to rotate and thereby adjust the commutator 
type rheostat. Thus, each d-c. motor is held in con- 
stant speed relatidn to the a-c. bus frequency, and 
therefore to all the other motors. 
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FIG. 4—Dynamometer type regulator, with commutator type 
rheostat controlling speed of d-c. motor. 


6. Selsyn-Carbon Pile Type Regulator 

A still more recent regulator development is shown 
in Fig. 5. The principle of operation of the Selsyn 
transmitters, receivers, and differentials are quite well 
known, but will be explained more in detail later in 
this paper. The regulator proper consists of a carbon 
pile rheostat, and a Selsyn differential so arranged 
that rotation of its rotor changes the pressure on the 
rheostat. 

A master Selsyn transmitter, d-c. motor driven, 
feeds the stator of the Selsyn differential. Another 
Selsyn transmitter, driven thru cone pulleys by the 
main motor, feeds the rotor of the differential. So 
long as the two Selsyn transmitters rotate in synchron- 
ism there is no motion of the differential. If the main 


A. |. & S. E. E.— TWENTY-FIVE YEARS OF ENGINEERING SERVICE TO THE IRON & STEEL INDUSTRY 








cieacneOx 


— 
sncilchials 























a ee ees 














* Wate Cn 


seen 





F 
z 
+ 









DECEMBER, 1932 


motor tends to slow down or speed up, the correspond- 
ing change in the relative angular position of the two 
transmitters will cause enough rotation of the differ- 
ential to make the required adjustment in the carbon 
pile rheostat. An ingenious mechanical connection 
between the differential and the rheostat permits ad- 





FIG. 5—Regulators of the Selsyn- 
carbon pile type mounted on 
a control panel. Carbon pile 
resistors are in rear. 














justing the leverage so that the amount of change in 
resistance for a given movement of the differential can 
be varied to compensate for different operating con- 
ditions. 

soth the dynamometer and the carbon pile type of 
regulator are particularly suitable for applications 
where the conditions of load and speed are fairly steady, 


FIG. 6—Balanced voltage vibrating type 
speed regulator. 














and not subject to rapid and violent fluctuations. They 
have not been used on steel mill main roll drives, but 
the dynamometer type has been successfully employed 
to control the speed of a rotary flying shear. 
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VIBRATING TYPE REGULATORS 
7. Voltage Regulator with A.C. Pilot Generator 


One of the earliest applications of speed regula 
tors to steel mill main roll drives was in connection 
with the 14” continuous hot strip mill installed in 
1922 in what was then the Trumbull Steel Company’s 
plant at Warren, Ohio. The finishing stands of this 
mill were individually driven by d-c. motors, and the 
mill builder felt that synchronous ties were necessary 
on these drives. 

\ single phase a-c. pilot generator was geared 
to each mill motor. The armature circuit of this 
generator was carried thru the coil of a “Tirrell” 
voltage regulator to a motor operated dial switch 
connecting to taps on the primary of a small trans 
former. The secondary of this transformer was 
loaded by a bank of condensers or capacitors. The 
contacts of the regulator operated in the field circuit 
of the main motor. Therefore, the regulator held 
constant current in its coil by adjusting the field of 
the motor. This, of course, maintained constant 
speed. Changing taps on the auto-transformer neces 
sitated a change in voltage of the pilot generator in 
order te maintain the regulator balanced, and there 
fore the motor speed was adjusted in this way. 
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8. Balanced Voltage Regulator 

\ type of regulator which has been used in a 
considerable number of continuous mill main_ roll 
drives is illustrated in Fig. 6, and an _  elemen 
tary diagram of connections is shown in Fig. 7 
This is essentially a voltage regulator of the Tirrell 
type in which the pull of one coil on its plunger 1s 
balanced against that of a similar coil instead of a 
spring. 

As shown on the diagram, a small direct current 
pilot generator is geared or coupled to each main 
motor. These pilots operate with their field struc 
tures highly saturated, and excited from a constant 
voltage source, so that the armature voltage is pro 
portional to the speed. One main coil, PM, of the 
regulator is connected to the armature of the pilot 
generator through rheostats RH 4 and RH3. If only two 
machines are to be synchronized, the other main coil 
MM of the regulator is connected to the pilot gen 
erator on the second motor as shown If several 
motors are to be synchronized, the master coils MM 
of all the regulators are connected in series through a 
rheostat to a constant voltage source. 








514 IRON AND STEEL ENGINEER 


Contacts Cl of the regulator control secondary 
relay RM, whose contacts in turn operate across the 
field of the small counter-emf. generator, the arma- 
ture of which is in series with the shunt field of the 
main motor. When contacts Cl and C2 close, the 
field of CEMF is shunted, thereby decreasing the 
voltage of CE MF, and increasing the field current on 
the main motor. Similarly, when the contacts are 
open, the field current of the main motor decreases. 

Now if the speed of motor A tends to increase, 
the voltage of pilot generator P-G, and consequently 
the lifting force of coil PM on its plunger, will also 
be raised. Consequently, contacts Cl and C2 will 





FIG. 8—Dynamometer type of 
balanced voltage regulator for 
speed control. 














close, the voltage of CE MF will drop, and the motor 
field current will rise, restoring it to the proper 
speed. 

AHM is an anti-hunting magnet so connected that 
when the regulator contacts open it immediately 
pulls them closed. The result is that the regulator 
vibrates continuously with the contacts remaining 
closed just a sufficient proportion of the time to keep 
the motor excitation and speed at the correct value. 
CM is a magnet which compensates for the pull of 
AHM and prevents it from unbalancing the regulator. 

To change the speed of motor A with respect to 
the other motors, it is only necessary to adjust 
rheostats RH3 or RH4. These vary the resistance 
in the regulator coil circuit, thus requiring the motor 
and pilot generator to run at a higher or lower speed 
in order to maintain constant current in coil PM. 

It will be noted that mechanically connected to 
RH3 and RH4 are rheostats RH1 and RH?2, these 
latter being in the motor field circuit. The resistance 
of these is so proportioned with respect to RH3 and 
RH4 that at all times the field circuit is adjusted to 
give approximately the motor speed called for by the 
regulator, and thus the regulator has to provide only 
a small range in field current. 

The regulator can easily be taken out of service 
whenever desired by throwing switch TS, and the 
speed controlled by manipulation of the same rheo- 
stat control switches as are used when operating 
regulating. As far as the pulpit operator is con- 
cerned, he controls the adjustment of motor speed 
by exactly the same motions, whether operating regu- 


lating or non-regulating. 


9. Dynamometer Type Balanced Voltage Regulator 

A modification of the balanced voltage regulator 
is shown in Fig. 8. This works on essentially the 
same principles as the regulator just described, but 
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with this difference. The element at each end of 
the balanced lever consists of a moving coil and a 
stationary exciting coil. A larger magnetic circuit 
is employed, and the regulator is capable of exerting 
greater torque and is more sensitive. The pilot gen- 
erator is connected to the moving coil, while the 
stationary coil is excited from a constant voltage 
source, 

A large number of balanced voltage type regu- 
lators are installed on main roll drives, and have 
operated very successfully. This, or in fact any 
vibrating type, regulator has the advantage of low 
inertia moving parts, and it can almost instantly 
insert or remove a comparatively large counter-emf. 
in the field circuit and momentarily “force” the field 
in order to get quick response. It is a very satis- 
factory regulator for use when load changes are sud- 
den and violent. 

Of course, in applying any regulator to a d-c. 
motor field, it must be remembered that it takes 
time to change the amount of flux. Therefore, when 
a load is suddenly applied the motor will quickly 
slow down a small amount, because counter-emf. of 
the armature must decrease in order to let the in- 
creased current flow. While the regulator imme- 
diately gets busy to decrease the flux and bring the 
speed back to normal, a finite amount of time is 
required to do this. Therefore, when load is very 
suddenly applied a momentary drop in speed will 
occur, regardless of the type of regulator used, and 
even if the motor has a rising speed-load charac- 
teristic. 

Therefore, no regulator working in the field of a 
d-c. motor can give a true synchronous tie, if the 
load fluctuations are violent, but the results obtained 
answer all practical purposes. 

SELSYN CONTROL SYSTEMS 

A Selsyn instrument is very like a miniature bi- 
polar rotating field alternator. The rotor has a sin- 
gle phase shuttle winding, while the stator has a 
distributed three phase Y-connected winding. Elec- 
trically the Selsyn device acts as a transformer, with 
the rotor excited from a single phase source. The 
magnitude of the voltages induced in the three ele- 
ments of the stator winding depends on the angular 
position of the rotor. 

The simplest Selsyn system consists of two in- 
struments with rotors excited from a common source, 
and with the terminals of one stator connected to 
those of the other. If both rotors are free to turn, 
they will take up a position such that the stator 
voltages are of balanced magnitude and displacement. 
If one rotor is turned with respect to the other, the 
voltages of the two instruments will be unbalanced, 
causing a current to circulate through the stator 
windings. This will provide a torque tending to 
turn the rotors to a position such that the stator 
voltages are again balanced, or until they are in 
“correspondence.” 

Thus, if one instrument, the “transmitter”, is ro- 
tated, the rotor of the “receiver” tends to follow its 
motion exactly. The amount of torque available is 
roughly proportional to the sine of the angle between 
the two rotors. 

A Selsyn differential is similar to a simple Selsyn 
instrument except that its rotor has a distributed 
three phase winding. A simple differential Selsyn 
system consists of two standard units and a differen- 


1. & S. E. E.— TWENTY-FIVE YEARS OF ENGINEERING SERVICE TO THE IRON & STEEL INDUSTRY 














DECEMBER, 1932 


tial. The stator of one unit is connected to the 
stator of the differential, and the stator of the other 
unit to the rotor of the differential. The rotors of 
the two standard units are excited from a common 
source. 

For one position of all three units the impressed 
and induced voltages in the rotor of the differential 
will be equal, and no current will flow. Any devia- 
tion from this position will cause current to flow and 
torque will be exerted tending to restore correspond- 
ence. If one rotor is held, and another is rotated, 
the third rotor will follow the rotation of the second. 
Any one unit will always indicate the angle between 
the other two. 


10. Selsyn Operated Rheostat 

Selsyn units have been used in various ways to 
provide synchronous ties. As previously mentioned 
they constitute an important part of the latest paper 
mill regulator. In cement manufacture it is desirable 
that the rate at which “slurry” is fed to the kiln 
should be porportional to rate or rotation of the kiln. 
The kiln is driven by an adjustable speed d-c. motor, 
and the feeding wheel by another smaller motor. <A 
Selsyn transmitter is coupled or geared to each of 
these motors so that when the two motors are run- 
ning with correct speed ratio the speeds of the Selsyn 
units are equal. A Selsyn differential, electrically 
connected to the two transmitters, is mechanically 
coupled to the field rheostat of the feeder motor. 
So long as the two transmitters are in synchronism, 
the differential stands still. If the speed of the kiln 
motor is adjusted by hand, thus unbalancing the sys- 
tem, the differential will rotate at a speed corre- 
sponding to the difference in speeds of the two trans- 
mitters, adjusting the rheostat in the feeder motor 
field until the balance is restored. 

Obviously this scheme is suitable only when load 
changes and speed adjustments are infrequent and 
gradual, and where departure from synchronism for 
short times will not cause difficulty. The speed ratio 
could be made adjustable by interposing cone pulleys 
or a similar arrangement between one motor and its 
Selsyn transmitter. 


11. Selsyns and Photo-Tubes 
A combination of Selsyns and photo-tubes is be- 
ing used to synchronize a hook conveyor with a pin 






































<5 
ref|_r 
FIG. 9—Schematic diagram of two standard Selsyn 
instruments. 





conveyor on a rod mill. The pins on the latter con- 
veyor are spaced 10 feet apart, as are the hooks on 
the first conveyor. It is necessary that a hook arrive 
at the point of transfer simultaneously with the pins, 
in order that the coil may be successfully transferred. 
Furthermore, it must be possible to run the pin con- 
veyor backwards, with the hooks stopped and then 
when both are started forward they must auto- 
matically resynchronize. 

Each conveyor is driven by an adjustable speed 
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d-c. motor. To each motor a Selsyn transmitter is 
geared so that it makes exactly one revolution while 
the conveyor is traveling 10 feet. The stators of 
these two units are connected to a Selsyn differen- 
tial on the shaft of which a slotted disk is mounted. 
Photo-electric cells are placed at one side of this disk 
and a light source on the other. When the speeds 
of the two motors are in the correct ratio, the disk 
is stationary. If the pin conveyor tries to run a lit 
tle too fast, the disk starts to rotate in one direction, 
bringing a slot in line with a _ photo-electric cell, 
which in turn, thru relays, energizes an aunxiliary 
held on the pin motor and slows it down. If the pin 
motor runs too slowly the disk moves in the oppo 
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site direction, another tube is illuminated, and the 
auxiliary field is excited in the opposite direction, 
speeding up the motor. 

There is a second Selsyn differential connected in 
series in the system. This is mounted in a case out 
in the mill and connected by worm gear to a hand 
crank. If, due to stretch or slippage in the drive, the 
conveyors tend to drift out of synchronism, the op- 
erator can readily bring them back by turning this 
crank. 

There are, of course, a number of possible varia- 
tions of the Selsyn control method of obtaining a 
synchronous tie. In the combination of two standard 
instruments and one Selsyn differential, the differen 
tial may operate a field rheostat, or it may be 
equipped with contacts which in turn control a field 
rheostat, or contactors in a d-c. armature or induc 
tion motor stator or rotor circuit. 

There are also various ways in which two stand 
ard Selsyn instruments may be used in combination 
with relays or Thyratron tubes. For example, sup- 
pose a Selsyn instrument is driven by each of the 
motors which are to be controlled. Then if the 
stators are electrically connected together, and a sin- 
gle phase voltage is applied to one Selsyn rotor, the 
induced voltage in the other rotor will be exactly in 
phase with the applied single phase voltage only 
when the two rotors remain in fixed angular relation, 
or in other words in synchronism. <Any deviation 
from exact phase coincidence can be made to operate 
a relay or tube which in turn causes the variation 
to be corrected. 


Power Selsyns 

When the Selsyn instrument is made large 
enough so that it can transmit sufficient power to 
hold the main drives in synchronism without the use 
of any auxiliary control devices, it is termed a 
“power Selsyn.” In the majority of installations of 
this type a standard 3 phase wound rotor induction 
motor acts as the Selsyn device. 

One of the most recent and spectacularly success 
ful applications of the power Selsyn is the General 
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Klectric unit drive equipment for rotary newspaper 
presses. The various units of the press must run in 
synchronism, else the paper will break. To mechan- 
ically connect the various units would require a large 
quantity of shafting, gears, clutches, and bearings, 
which are eliminated in the unit type drive with 
Selsyn tie-in. 

So each unit is driven by an individual direct cur- 
rent motor, of perhaps 35 hp.—1250 rpm. Direct con- 
nected to each motor is a 3 phase, 40 hp., 8 pole 
wound rotor induction motor. Corresponding rings 
on the rotors of all these motors, or power Selsyns, 
are connected together, but no connection is made 
between rotor phases. Their stators are all connected 
to a 3 phase, 60 cycle power supply, with phase rota- 
tion such that when the drive is in operation the 
Selsyn rotors run against phase rotation. 

To understand the operation of the power Selsyn 
equipment it is simplest to consider conditions in two 
units at standstill. Full induced rotor voltage, at line 
frequency, exists between the rings on each unit. So 
long as each rotor is in exactly the same angular 
position with respect to its stator, it is obvious that 
the voltages across the rings of the two units will be 
of the same magnitude and phase angle, and no cur- 
rent will flow between them. 

Now suppose we displace one rotor slightly. The 

voltages of the two will be at different phase angles, 
and current will flow between the two rotors. ‘This 
will cause current to flow between the two stators, 
and we have circulating currents flowing between 
the two machines. ‘The interaction between the rotor 
currents and the flux in each machine will be such 
that torques will be exerted in each motor tending 
to bring them back to a position of correspondence. 
The current flow, and torque, will increase as the 
angle of displacement increases, but it is simply a 
circulating current between the two units, and no 
power is drawn from the a-c. supply, except to fur- 
nish the magnetizing current for the stators. Maxi- 
mum synchronizing torque, equivalent to at least 
80% of the pull-out torque of the unit when operated 
as a straight induction motor, will be obtained at 
approximately 90 electrical degrees displacement. On 
an eight pole motor this is equivalent to 22.5 mechan- 
ical degrees. 
‘When the drives are rotating against the phase 
rotation of the stator excitation, the conditions are 
the same as at standstill, except that the rotor volt- 
age and frequency vary. If the drives should rotate 
in the same direction as the phase rotation it is ap- 
parent that at synchronous speed there would be 
zero voltage and frequency across the rings, and 
therefore no synchronizing torque could be exerted. 
However, as the speed departs from synchronism, 
the available synchronizing action increases fairly 
rapidly, so that so long as we select Selsyns with a 
proper number of poles we can be sure of sufficient 
synchronizing torque, even for reversing service. 

For example, suppose we wish to maintain syn- 
chronous operation of two 600 rpm. direct current 
reversing motors, and we have 60 cycle power avail- 
able. ‘Then, to make sure we will always have at 
least half line frequency, or 30 cycles, between rings 
of the Selsyn power units we must select machines 
whose synchronous speed is at least twice the d-c. 
motor speed. In other words, a 6 pole—1200 rpm. 
induction motor would make a satisfactory power 
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Selsyn for this drive. When running at 600 rpm. 
against phase rotation the ring frequency would be 
9) cycles; at zero rpm. it would be 60 cycles; and 


at 600 rpm. with rotation it would be 30 cycles. The 
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rotor voltage would, of course be proportional to the 
frequency. Thus at any operating speed there would 
be sufficient voltage available so that any variation 
from synchronism would cause current to flow, ex- 
erting synchronizing torque. 

A recent application of power Selsyns is in con- 
nection with a lift bridge. The iifting mechanism at 
each end of the bridge is operated by a wound rotor 
induction motor. To each driving motor is coupled 
a duplicate motor which acts as a power Selsyn to 
synchronize the two drives, thus insuring that at all 
times the bridge will remain level. In the past it 
has been necessary to mount a single drive in the 
middle of the bridge, with a system of cables to keep 
the bridge level. With the power Selsyns it has been 
found possible to lift the bridge by applying power 
to only one driving motor, the other end being driven 
through the Selsyn. 

Obviously this type of synchronous tie could be 
applied to side guards, edging roll adjusting drives, 
etc. 

Wound Rotor Induction Motors with Common Resistor 

A method which can be used to obtain a limited 
amount of synchronizing torque between two induc- 
tion motors is to connect their rotor rings in parallel 
to a common starting resistor, and leave some resist- 
ance in the rotor circuit at all times. Now, so long 
as there is load on the motors, and therefore current 
flowing through the rotor circuit, there will be volt- 
age between rings proportional to the load and to 
the amount of resistance in the rotor circuit. Any 
variation of the two rotors from a synchronous rela- 
tion will result in an angular difference between the 
two rotor voltages, causing rotor and stator currents 
to flow and exert torques tending to maintain syn- 
chronism. Obviously this scheme has a rather limited 
field of application. 

None of the power Selsyn schemes described per- 
mit of any adjustment of the relative speeds of the 
drives, unless some mechanical means such as cone 
pulleys or hydraulic gears are used to couple the 
Selsyn to the drive, or the drive to the driven 
mechanism. 


The foregoing discussion by no means covers all 
available methods, but from it I think you will agree 
that there are a good many ways of electrically 
coupling two or more drives together, either rigidly 
or adjustably. Which scheme should be employed 
for any given drive can be determined only by a 
thorough study of all the conditions surrounding the 
application, and with a full knowledge of the char- 
acteristics of motor drives and “synchronous ties.” 
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The Influence of Modern Electric Equip- 
ment Design on Brush Performance 


By W. SIEBENMORGEN 
President, Electro Service, Inc., 
Union City, N. J. 


GENERAL. The general impression among users 
of modern electrical equipment is that brushes wher- 
ever applied for contact making purposes have not 
improved as the service demands or as some may 
view it, they have not kept step with the advances 
of the equipment in general. We may well take this 
fact for granted without doing severe injustice to the 
carbon brush, as will be shown by three main points 
which contribute to this condition. 
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THE DESIGNER building his equipment has 
the assistance of many industries. Sheet iron, used 
in magnetic circuits, has decreased losses and high 
permeability. Steel castings for magnetic paths ot 
constant density are being replaced “by rolled steel 
sections with uniform and more favorable magnetic 
Insulation materials are improved giving 
available. Copper 1s 
Materials such as 
allowing 


properties. 
higher protection for spaces 
uniform and of high conductivity. 
steel and bronze may be stressed more, 
speed of equipment to be increased, thereby giving 
an almost proportional increase in yield per pound of 
effective material. Forced ventilation carries off the 
heat generated, thereby reducing temperatures. The 
combined result of these facts is much smaller ap- 
paratus for the same output. 

APPARATUS, thus created is uniformly reliable 
though the safety factor over the old equipment is 
perhaps not as high. Modern industry now takes 
this apparatus and uses it in a highly specialized 
field, where the rate of production is carefully pressed 
to its maximum safe limit. The relative demand is 
far greater on equipment than it was in the past. It 
does happen that a piece of apparatus is designed for 
50% overload for one hour following a run of full 
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load. It duly meets the specifications on the test 
floor. Now, however, after it goes into service, it 
may be forced to meet these conditions in an entirely 
different way than was originally intended. The % 
of overload does not exceed the specifications, neither 
does the time condition but the equipment has to 
meet this service day in and day out and not occa 
sionally. It becomes in practice a machine of inter 
mittent duty of larger capacity though its load factor 
may be low. 
THE LITTLE 
into this picture. ; 
stumbled on the idea that carbon would do well for 
a contact making device (See E. Thompson in the 
Electrical Engineer, Vol. 18, p. 335, 10/3/94.) At 
that early time the brush was just carbon to the 
chemist, perhaps somewhat coarse, impure, poorly 
bound but carbon nevertheless. In all these years, 
it has changed little. It is still carbon to the chemist 
after a laborious method to finish it. Not that re 
finements have been absent but no major changes 
were possible. The same piece of carbon which ran 
the little 5 H.P., 110 volt, 600 RPM motor in the 
90’s operates today on a reversible planer motor that 


CARBON BRUSH is now fitted 
Some perhaps 42 years ago we 


makes perhaps 25 complete cycles per minute. The 
very usefulness of the little brush in the beginning 
held back improvements for years. One could not 
apply such features as ventilation, speed increase, 
chemical changes, density, etc. It is no small wonder, 
therefore, that it appears to have stayed behind the 
times. 

FOUIPMENT. It is not the ] 
cle to show the development and design of a modern 
machine using carbons but in order to understand 
brush performance and effect, it is imperative that 
some of the fundamental principles be thoroughly 
understood as they ap ply to reactance voltage, arma 
ture reaction, commutating oa compensating field, 
armature equalization, double brushes, brush rigging 
and brush holders. 

REACTANCE VOLTAGE. The function of the 
brushes on the commutator of a continuous current 
machine is to carry current to and from armature 
coils while these coils pass under brush and reverse 
their normal current from one direction through zero 
to the opposite direction. Fig. 1. Brushes Commu- 
tate the current. Since the armature coil has self 
induction the reversal of current generates a voltage 

called Reactance Voltage. It is approximate- 
ly proportional to the square of the number of turns 
per coil, directly proportional to length of armature 
iron, speed and current, it is lowest for wide, shallow, 
open armature slots. The reactance voltage has the 
same direction as the decreasing current in coils at 
the beginning of reversal since it opposes this re 
versal, it also is opposite to the increasing current in 
coil toward end of reversal. It is therefore in the 
same direction during whole period of commuta- 


purpose of this arti 
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tion and its resultant Short Circuit Current (B. 
Fig. 1) added to the imaginary and ideal main 
current Al gives the actual current A2 in coil under- 
going commutation. At the instant C when com- 
mutator bar connected to this coil leaves the brush, 
the current A-2 has not reached the proper value, it 
arcs over from brush to segment. Machine sparks. 
The circuit in which the short circuit current flows 
consists of the coil of practically neglible resistance 
and the contact face of brush in both positive and 
negative direction (Fig. 2). If now the contact re- 
sistance between brush and commutator, contact drop, 
is high the short circuit current will be reduced and 
commutation improved. 

ARMATURE REACTION. A further complica- 
tion is introduced by the magnetic influence of the 
armature current as a whole on the field flux. Sym- 
metrical magnetic field due to field winding alone, 
armature not carrying current, is shown in Fig. 3. 
Fig. 4 shows magnetic field set up by armature cur- 
rent when field current is zero. It is perpendicular 
to above main field. DE is the position of brushes 
for no load neutral. With both main field current 
and full load armature current supplied simultaneous- 
ly the combination would be a motor rotating clock- 
wise as in Fig. 5. The field is distorted now as a 
result of armature reaction. A voltage curve along 
commutator will now show that density is very high 
under entering pole tip. .See Fig. 6. The brushes 
if left in position DE Fig. 5 would cause a voltage 
in the wrong direction to be generated in coil under- 
going commutation, and sparking would increase. 
To correct this, brushes have to be moved to a full 
load neutral position. D-1, E-1 is now the position 
that corresponds to DE at no load but proper full 
load position of brushes is still further back at D-2 
E-2 where the fringe of field flux from pole-tip gen- 
erates a current in coil approximately equal but 
opposite in direction to the short circuit current B 
in Fig. 1. This new current may be represented by F, 
Fig. 1. The machine now runs sparkless at full load, 
since F added to A-2 gives A-3 which has reached 
the normal strength at time when segment leaves 
the brush, see Fig. 1. 

We can now make some simple deductions. 

To get sparkless commutation at full load of a 
motor (Non-interpole) brushes must be moved 
against rotation from no load neutral. For a gen- 
erator, brushes should be moved with rotation. 

The shifting of brushes has the result of slightly 
weakening the main field, causing slight increase in 
speed of motor and decrease in voltage of generator 
(Fig. 5, Current in coils D-2 to D-3 is demagnetiz- 
ing). 
The high field density under entering pole tip of 
motor (Leaving Pole tip of Generator) may increase 
the average voltage between commutator bars to a 
dangerous point. Fig. 6 shows this plainly. This 
feature is one cause of flashing in motors, and ex- 
plains why generators do not flash quite as readily, 
the high voltage point being further away from leav- 
ing edge of brush. 

For any load, other than full load a corresponding 
brush position must be found if sparkless operation 
is desired. Fig. % (by Prof. Morecraft, Columbia 
University), shows how current under brush at light 
loads may increase and cause sparking if brushes are 
left in full load position. 
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The effect of armature reaction may be reduced 
by a the design of pole pieces as is shown 
in Fig. 8. The “Lundell” pole and the “unequal air 
gap” pole have unequal distribution of field at no 
load, which is made approximately normal by the in- 
fluence of armature current. Design applies to non- 
reversible machines only. “Saturated pole tips’ and 
“slotted poles” simply introduce a magnetic reluc- 
tance in path of armature reaction thus reducing 
its effect. 

COMMUTATING POLES. To overcome the 
necessity of shifting brushes for variable load the 
commutating pole was introduced some 30 years ago 
(Pfattischer of Electro Dynamic Company and 
others). Today practically all machines are provided 
with commutating poles or interpoles. These are 
small poles midway between main poles provided 
with a winding which is in series with the armature. 
Fig. 9. To understand their function it is necessary 
to remember that approximately 85 5% of the total 
strength of interpole winding is equivalent in size 
but opposite in polarity to the armature fields strength. 
This creates a neutral zone on armature at point 
where brushes are located. In this zone the remain- 
ing 15% of interpole excitation generate in the coil 
undergoing commutation a voltage equal and opposite 
to the reactance voltage, neutralizing thereby the 
short circuit current and obviating the necessity of 
moving brushes into a pole fringe to generate this 
voltage. Fig. 10 gives an exaggerated idea of the 
approximate field forms (voltage along commutator) 
of interpole machines under various conditions for 
both motor and generator operation. Fig. 11 shows 
typical “brush drop” curves taken in conventional man- 
ner on a modern 3500 KW 250 volt rotary. Curve 
D gave black commutation in this case. It may be 
stated here however, that on most machines the 
best operation is obtained when this curve lies some- 
where between B & D (machine slightly overcom- 
pensated). 

Commutating poles function automatically being 
in series with armature. They generate a voltage in 
coil undergoing commutation more or less propor- 
tional to amount of armature current, they reverse 
with armature current, they are not affected materi- 
ally by main field strength. Their effect may be 
adjusted within limits by varying their air gap and 
inserting non-magnetic material between interpole 
core and the machine frame or their windings may 
be shunted. This shunt should be inductive if load 
is subject to rapid variation to get the time con- 
stant of shunt the same as that of main winding. 
From these fundamental principles we come to the 
following further conclusions :— 

Motors with speed variation by field control and 
generators with field variation for Ward-Leonard 
control would be nigh impossible without commutat- 
ing poles. 

Brush position is essentially constant for an inter- 
pole machine. 

If necessity for change of brush position arises 
the change will be found. to be comparatively small. 

A reversed interpole causes vicious burning at 
brushes .~ changes in speed etc. because the whole 
winding (15% effective plus 85% compensating) 
creates a strong field around interpole zone interfer- 
ing with main field. 

By providing special windings interpoles may be 
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given much broader effect. Suppose the main wind- 
ing on an interpole were increased 4% and a shunt 
winding of 4% strength put on in opposition to main 
winding. The actual effective ampere turns at full 
load would be 15% as before but at ™% load they 
would be 51%4% instead of 74% as before and at 
100% overload they would be 34% instead of 30% 
as before. This changed condition could be used 
effectively to overcome saturation in interpole etc. 

The polarity of interpole field is the same as main 
pole back of it for a motor and main pole ahead of 
it for a generator. 

Rotaries starting from AC side must have a 
device for lifting brushes off commutator during 
starting period to avoid burning from effect of re- 
volving field (Same reasoning as above). 

Interpoles do not prevent field distortion as as- 
sumed erroneously at times. As a matter of fact 
they increase armature reaction slightly and tend to 
weaken motor field (increase speed) and weaken 
generator field (decrease voltage) even with brushes 
in their normal correct position. If brushes are given 
a slight lead (against rotation in motor, with rotation 
in generator) this influence is much more pronounced 
and may become troublesome by causing hunting in 
motor and unstable operation in generator. (The 
remedy for these difficulties is to give motor brushes 
a slight lead direction of rotation or move genera- 
tor brushes slightly against rotation). 

COMPENSATING FIELD. The points touched 
on in above paragraph are the principal reasons for 
using a compensating field winding in addition to 
Interpole winding on many large machines and some 
small machines of special ‘applic ation. Fig. 12. The 
compensating winding is in series with armature and 
interpole winding. It is laid into slots in pole faces 
and neutralizes the armature field whole or in part 
according to its design. The present practice seems 
to be to use about 70-80% of the armature ampere 
turns for the compensation. Armature reaction is 
correspondingly reduced and the voltage curve along 
commutator at full load is not materially different 
from no load. Fig. 13 shows both “brush drop” and 
“field form” curves of a modern generator having 
both compensating and commutating fields. 

The principal advantages gained by compensating 
field design are 

Machines respond more readily to load changes 
(since armature self-induction is also reduced). 

Flashing over due to heavy load changes is less 
frequent, armature reaction being small. 

Interpole winding may be reduced by allowing 
for the compensation already provided for in com- 
pensating field. The resultant reduced winding will 
give a better ratio between effective and leakage flux 
of interpole since the latter are a function of total 
excitation and not of effective excitation only. 

ARMATURE WINDING EQUALIZATION. 
Practically all large machines with 4 or more poles 
have parallel (lap) wound armatures where the arma- 
ture circuits are paralleled by the brushes. The 
currents do not divide equally in all circuits for 
To begin with, the brush drop the 
principal compensating factor, varies. The field 
strength is not the same under all poles (variation 
of air gap, inequality of magnetic properties, etc). 
All this affects division of current adversely. It 
causes circulating currents which interfere with 
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commutation. To help this condition equalizer wind- 
ings have been used in parallel wound armatures for 
many years. Originally 4 rings were standard, each 
connected to as many points on armature as the 
machine had pairs of poles. The equalizers tend to 
balance the circuits by carrying circulating currents 
which react on the field and correct inequé alities 
therein. The tendency has been to gradually increase 
the number of equalizers until at least one coil in 
each armature slot is thus connected. Large ma- 
chines cannot be run without these windings. With- 
in the last few years a simple arrangement of the 
commutator tangs has been devised by the large 
manufacturers which eliminates the separate equal- 
izer winding and gives perfect equalization by con- 
necting each commutator bar with all of its equi- 
potential bars in the machine. The arrangement is 
simple, instead of carrying the commutator tang 
radially to the nearest armature coil the tang is made 
in two parts, one section connects with a coil to the 
right and the other section with the nearest coil of 
same potential to the left, see Fig. 14 and 14A. Com- 
mutation is much improved by this feature. The 
equalizer winding with its drawbacks is eliminated. 

DOUBLE BRUSHES. The Crocker Wheeler 
Company some years back advocated a composite 
brush (built in layers). Lately much improvement 
in commutation has been brought about by the re- 
vival of double brushes, two of ™% thickness, separ- 
ated by a barrier in place of the single large brush. 
Mr. Lundell of the Sprague Electric Company fore- 
saw the advantages of this construction some 25 
years ago, but only within the last five years has 
the demand on equipment forced this improvement 
to the front. Fig. 15 shows a simple construction 
employed by the Westinghouse Company. 

The principal reasons for improvement of com- 
mutation by means of double brushes may be laid to 
the following facts: 

Contact between brush and commutator is con- 
stant and uninterrupted, being maintained by one 
brush or the other, since they probably do not vibrate 
in synchronism. 

The cross resistance of the double brush is high 
as compared with that of the single brush. 

The inertia of each brush is lower than the orig- 
inal single brush. 

It is likely that considerable higher densities may 
be used with smaller brushes. Perhaps also lower 
contact drop material may be applied. The double 
brush idea offers a fertile field for further improve- 
ments. 

BRUSH RIGGING AND BRUSH HOLDERS. 
In order that a brush operate properly it has _ to 
make continuous physical contact with commutator, 
and the statement that over 50% of all brush trou- 
bles are purely mechanical may seem exaggerated, 
but it is probably true. Assuming most modern 
brush holders to be of the sliding box type, assuring 
contact with commutator at a certain specific point 
independent of wear of brush, the following features 
must be met: 

Simple adjustment should be provided so all hold- 
ers can be rocked simultaneously to a new position 
and locked there preferably. 

Individual adjustment of each brush range and 
each holder in a radial direction is necessary to take 
care of reduction in commutator diameter and to 
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keep brush box within one-eighth inch of commutator 
surface. 

Brush arms must be so supported or constructed 
as to be free from vibration at all points over com- 
mutator length. 

To avoid unbalancing of brush arms the current 
should be carried from brush through rigging to out- 
going leads by a copper conductor all the way with 
as few joints as possible, avoiding other metallic 
conductors which may oxidize at joints, etc. 

To reduce vibration brushes must be as small as 
economy will allow. This will make their momentum 
lower, they will dissipate the heat better, and they 
may be rated higher. 

To prevent interference provide individual boxes 
for each brush, relatively deep and if possible with 
uninterrupted surfaces to prevent imbedding of brush. 

To insure even commutator wear stagger brushes 
so that both positive and negative brushes sweep all 
parts of the commutator. This is best accomplished 
by allowing brushes on two adjacent arms to follow 
in each other’s tracks, while next 2 arms are stag- 
gered with reference to the first pair, see Fig. 16. 

To insure quiet running radial brushes must be 
avoided except on small sizes and for strictly re- 
versible service. Top bevel, face bevel and spring 
pressure must be so arranged that either entering 
side or leaving side of brush is held against holder 
with moderate pressure and brush is free to move 
under existing conditions of speed, friction, and 
eccentricity of commutator. 

Figure 17 illustrates 2 most popular holders, the 
15° trailing and the 37!4° leading (reaction) type 
with elementary deduction of all actions and reac- 
tions resulting from spring pressure. 

Figure 18 (by Warren C. Kalb, formerly Works 
Manager, Corliss Carbon Company) shows by ana- 
lysis that 15° in trailing brush and 371° in leading 
brush are not mere accidental values but are well 
chosen to meet the requirements set down as 
above. Particular attention is called to the fact 
that for a friction coefficient of .2 the pressure 
H against side of holder is about ™% of the spring 
pressure T at 15° trailing and 371%4° leading. It may 
also be noted that for angles larger than 15° the 
trailing’ brush will “wedge” due to rapidly increas- 
ing pressure against side of holder. 

A highly interesting investigation was made by 
the Ringsdorff Co., (Mehlem, Germany) based on 
the fact that most commutators run perhaps slightly 
eccentric. The various holders were classified ac- 
cording to their ability to allow brushes to follow 
the eccentricity of commutator. Consider the 9 pos- 
sible designs 1 to 9 in Fig. 19. It is evident that 
holders, 1, 8 and 9 do not allow brush to make cgn- 
tinuous contact at its leaving edge. Holders 3, 4, 5 
and 7 cause a wedging action of brush in box. Only 
the remaining holders 2 (reaction) and 6 (radial) 
hold out promise of results and were investigated 
with reference to the “rocking” action necessary to 
follow commutator. Sketches 10, 11 and 12 show 
holder 2 in three characteristic positions. For position 
10 the brush must rock around point A. (OC must 
be greater than friction OD and EF must not in- 
terfere with action of OC). For position 11, normal 
position of commutator, brush must lean against face 
AB (OC still greater than OD). For position 12 
brush must rock around point B (OD must now be 
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larger than OC, etc.) For a friction coefficient up 
to .38 the following limiting values give aforesaid 
results: 

Length of brush not over 1.82 times thickness. 

Brush angle at A not over 73° approx. 

Brush angle at B not under 76° approx. 
Similar limits were determined for holder profile 
#6. To verify the values thus calculated an eccen- 
tric commutator was tried with holders #1, 2 and 5. 
A D.C. Ammeter in circuit measures the current 
supplied by battery as shown in diagram. A trans- 
former in circuit is connected through its secondary 
to an A.C. Ammeter. The ratio of A.C. to D.C. 
amperes was noted with commutator in operation. 
Curves show the result of observations. Holder #2, 
patterned after the above limits showed no sparking, 
followed the motions of commutator and showed 
practically no A.C. readings; whereas holder #5, 
(our often used radial type) sparked profusely, and 
showed a large percentage of A.C. current. Observa- 
tions with a stroboscope disclosed that the sparking 
occurred when leaving edge of brush was not in 
contact with commutator. 

BRUSH PRESSURE. Springs of the clock or 
similar type are desirable so that a small amount of 
brush wear will not change brush pressure materially. 
Enough points of adjustment must be provided to 
make up for brush wear. Some successful efforts 
have been made lately to provide micrometer adjust- 
ment in a simple way between main points of ad- 
justment. During the whole life of brush the pres- 
sure per square inch should lend itself to adjustment 
for: 

2 Ibs. and over for carbon and graphite 

4 lbs. and over for metallic brushes 

6 lbs. and over for railway brushes. 

Pressure on brushes is the most important single 
item affecting performance which may be controlled 
by operator at will. The pressures used in practice 
are too low rather than too high. A heavy metal 
brush needs higher pressure than a lighter carbon. 
In adjusting pressure, allowance has to be made at 
times, for the weight of heavy slip ring brushes 
which add to or subtract from spring pressure ac- 
cording to their location on ring. Fig. 20 shows 
results of tests on vacuum cleaner indicating life of 
brush almost proportional to spring pressure. 

BRUSH SHUNTS AND TERMINALS of proper 
proportion are essential. All brushes used in sliding 
box holders should be provided with strong shunts 
of uniform and low resistance at point of insertion 
not affected by temperature and constant vibration. 
Detachable shunts involve many risks and have al- 
most disappeared. Large saddle type of connections 
are not particularly desirable. While adding to 
weight, they do not give relatively lower drop. The 
two remaining types, the cemented Q, and the plain 
riveted R or Bolt V have become standard (designa- 
tion according to new code by NEMA). The type 
Q or insert type is to be recommended wherever 
possible. The uncertain item of solder is eliminated 
by it, expansion under heat does not affect it greatly. 
Its capacity has a great range because up to 4 or 
more shunts may be used on one brush. It with- 
stands vibration fairly well if properly made. Where 
hammer plates are needed, they may be attached 
separately and will not transmit the vibration from 
hammer as is the case when they are made up as 
part of the riveted or bolted type connection. Cer- 
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tain improved bolted type and molded-in pigtails 


have lately been brought out and show promising 


results. 

Manufacturers have been criticized for too small 
or too large a shunt connection. This criticism is 
not always in order. The size of shunt does not 
depend entirely on the current it carries. Larger 
shunts are often put on to carry away the heat. 
Smaller shunts than standard are used when the size 
of shunts interferes with operation. 

Terminals are by no means unimportant. They 
should in some measure conform in size to the cur- 
rents to be carried. They should be fastened pre- 
ferably to the copper conductor which carries current 
through brush rigging, and in no case to attaching 
screws holding boxes in place. Specify terminals 
of the folded or tube type. They are by far the 
best. The strands of shunt are sheathed in a copper 
conductor directly under screw head. Avoid special 
terminals which may have been quite in order in 
their day but are not so now and are a cause of 
unnecessary expense to the manufacturer of brushes. 

RAW MATERIALS THAT ENTER INTO 
THE MANUFACTURE OF BRUSHES: 

Petroleum Coke—carbon left in petroleum stills. 

Pressure still type or tower still type. 

Retort Coke—a coal tar product which condenses 
in the stills of certain types of gas generators. 

Lampblack—deposited on condensing surfaces 
when oil is burned under restricted combustion. 

Natural graphite—flake type as mined in Ceylon, 
Madagascar, Mexico, ete. 

Artificial graphite—graphitized carbon flour amor- 
phous shape. 

Various binders—pitch, tar, molasses, phenol 
binder (all non-metallic). Tin, lead, zinc, and anti- 
mony (metallic binders for alloy type of copper 
graphite brushes). 

Copper powder—pure copper powder up to 300 
mesh and over, reduced from metallic copper or cop 
per oxide. 

MANUFACTURING PROCESS. Brushes are 
molded and baked. The molding process having 
gradually replaced the less desirable extrusion proc 
ess. The baking range covers temperatures up to 


2500°C. A homely but striking analogy is to com- 
pare brush making with the making of bricks. A 


general idea of the intricate process of making car- 
bons was gained from a very instructive film “Behind 
the Pyramids” shown by the National Carbon Com- 
pany recently. In some cases it takes up to 12 weeks 
of continuous processing to produce material, and 
all that can be pointed out here is the fact that 
control of the various operations involves much in- 
vestment in research, labor and apparatus. A “Pro- 
duction Control Chart” taken from page 7 of Speer 
Catalogue No. 24 gives an idea of the many items 
involved. Fig. 21. 

A CLASSIFICATION OF BRUSHES. _ The 
operating man is helped materially by keeping in 
mind the general nature of a brush. Each class of 
material is capable of producing certain specific re 
sults which cannot be greatly varied or extended no 
matter how made and processed or by whom. The 
difficulty, experienced in actual application, is often 
camouflaged by substitution of other classes of ma- 
terial instead of modification in the same class. The 
new material may remedy the difficulty but is liable 
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to have shortcomings in other directions which may 
or may not be equally objectionable but which will 
not be in evidence until some time later on. This is 
another reason why all brushes should carry the 
manufacturer’s original grade number. This will 
expedite the process of eliminating obsolete grades 
and make for a lesser number of standard grades. 

Carbon and Carbon Graphite Class. These brushes 
belong, perhaps, to an earlier period than the others. 
Some are made from various forms of carbon. Others 
have various proportions of graphite added to vary 
resistance, contact drop, etc. Baking temperatures 
cover a range up to 1000°C. 

While this class may be described in general as 
moderate in cost, fairly abrasive, medium capacity 
not suited for high speeds, there is entirely too little 
attention paid to:'them by both the manufacturer and 
the user. As we become more acquainted with the 
so-called high grade brushes, we find that material 
in the carbon class often does work which we do 
not give it credit for. 

Electro Graphitic Class. (Also known as graph- 
itized carbons). The regular carbon is subjected to 
a temperature up to 2500°, while the air is excluded. 
This is best accomplished in a graphitizing furnace 


(electric furnace). The heat drives out nearly all 
abrasive and volatile matter, brush plates actually 
shrink under this process. The final product is a 


non-abrasive, high capacity carbon, especially adapted 
to high speed heavy duty work on undercut com- 
mutators. Partially graphitized material using either 
lower temperature or less time for process retains 
some cleaning action but general practice seems to 
indicate that brushes of this type have other short- 
comings. 

Graphite Class. Pure, mined flake graphite with 
tar, pitch or phenol binder and brought up to 500°C. 
max. approximate temperature makes up this class. 
In some cases copper powder is added to strengthen 
mechanical structure. Graphite brushes are very low 
in hardness and friction. They generally give good 
brush life on account of the hard glaze that forms 
on face. They are therefore well adapated to ex- 
tremely high speeds. They are mildly abrasive when 
their ash content is around 2% and more so with 
increase of ash. This is why they keep a cleaner 
commutator in general but wear it somewhat in time. 
The flake graphite structure gives them a high cross 
resistance which aids commutation, but it is a dis- 
puted question whether they are as reliable for heavy 
duty as the graphitized carbons since their structure 
is affected by continuous high heat. 

Metal Graphite Class. Brushes in this class con- 
tain copper in various proportions from 40 to 90% 
by weight. Sub-division is as follows: 

\lloy type. When copper powder of the pure or 
oxide type 85% by weight and over is mixed with 
some graphite and a binder of tin or lead and baked 
at temperatures up to 800°C. we obtain an alloy 
brush. It is readily made, mechanically strong, has 
high capacity and low drop of .18 to .25 volts per 
polarity. 

It is fairly abrasive, long lived because its struc- 
ture is more like that of a casting. It is used on 
medium speed composition rings, platers, etc. 

Non-alloy type of brushes use non-metallic binder, 
graphite and copper powder, the latter varying from 
60 to 85% by weight. The baking process is much 
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OF BRUSHES 


PROPERTIES 








DEFINITION (General and Specific) 


Opposition offered by material to flow of 
current. Specific resistance is ohms per in. 
cube of material from one face to opposite 
one, 


a brush carries without undue 


Current 
Normal capacity is given in amps. 


heating. 
per sq. in. 


Voltage needed to pass current from brush 
to current carrier. Normal contact drop is 
the voltage when normal current is passing. 
Total drop is the sum of pos. and neg. drop. 


Force opposing motion of contact surface. 
Under brush. Coefficient of friction is ratio 
between force of friction and normal pressure 
at surface. 





Ability of surface to withstand pressure. 
No absolute measure for it. Scleroscope 
hardness measured by height of rebound of 
a steel weight dropped from a certain height. 





Ability of material to withstand mechanical 
strains. Transverse strength is given in lbs. 
per sq. in. 


Polishing action of brush on contact sur- 
face. No specific measure is used for it, ex 
cept indefinite terms—high—low—medium. 





Musical pitch of note given out when brush 
is struck a blow while supported by non- 
sound absorbing means. No definite measures 
established except by Westinghouse Labora- 
tory. 





EFFECT, VARIATION, Etc., Etc. 


I?R loss due to resistance is low—therefore resist. 
Not important except by its influence on contact 


drop. Increase in temperature lowers 


resistance 


| ( neg. temp. coefficient)—ratio of crosswise to length- 


wise resistance affects commutation. 


conductivity and refractory qualities. 


Capacity of a brush is largely governed by thermal 
Amps. density 


in a brush is a complex quantity and influenced by 
commutation—loads of uniform nature such as slip 
ring and contact work may be rated 25% to 50% 


above. 





DECEMBER, 1932 


| 








Most important property affecting commutation, 
neg. drop higher than pos. (generator sense). Varies 


according to deposit on commutator. Varie 


S 


with 


current, but at lesser rate and finally becomes nearly 


constant. 


rate. 
pressure under brush affects it.) 


to abrasive action. 


Varies with speed but at much smaller 
Goes down slightly as pressure increases. (Air | 


Low friction is essential. Friction not proportional | 
Friction dependent on air pres- 





sure under brush and on deposit on commutator sur- | 


face. 
25). Coefficient of friction g 
down with increase in speed. 


Friction at load less than at no load (see Fig. | 
goes up with pressure and 








Must not be confused with abrasiveness. 


Has in- 


fluence on strength of brush and vibration of same. 
Scleroscope hardness depends on type of finish given 


to surface. 


are met with. 


| by materials used, pressure in molding, temp. in 


| 
| 





baking, etc. 


Not influenced by hardness. Influenced only slight- 
Percentage of ash in brush is a close 
where 


ly by friction. 
indication of its abrasiveness—is 
heavy overloads occur. Seems smaller 


required 
at 


heavy 


| 


Strength needed where severe mechanical shocks | 
Strength like hardness is influenced 





loads than at light loads. 


Important in selection of brushes against mech- 


anical failures, and probably indicative of many other 


properties. 








The percentage of pore space in brush. To 
determine it divide the difference between 
the real and apparent density by the real 


density. 


Distribution of various materials in a brush 
and its texture is best seen by micro photo 
of face of brush. 


| Max. permissible speed in feet per minute 
of contact surface under brush is_ usually 
given. 


| 





Very important to manufacturer to check the vari- 
| ous processes of baking, grinding, molding, etc. 
cessive porosity claimed responsible for undue ab- 
sorption of moisture and subsequent breakage with 


‘sudden temp. changes. 





Ex- 


Important to manufacturers to determine strata, 


layers, impurities, etc., where other tests fail. 








Rather arbitrary limit. 


Angular speed of equip- 


ment (r.p.m.) seems more important since impulses 
imparted to brush by eccentricity of commutator are 


proportional to r.p.m. 
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longer and temperatures are much lower, say 400°C. 
According to their copper content these brushes are 
known as medium metal 60 to 80% copper by weight, 
contact drop per polarity about .6 to .3 and high 
metal 853% copper and over with contact drop of .25 
to .2. These brushes are less abrasive than the alloy 
type. They are not as strong as the alloy type 
mechanically however, they may be used on platers 
and high speed rotaries, etc., at ratings from 80 to 
125 amperes per square inch. 

Low metal type. Carbon or graphite brushes 
“Copper Impregnated” or “Metallized” by a patented 
process are the principal representatives in this class. 
Copper content varies according to porosity of orig- 
inal material and reaches nearly 60% by weight in 
some cases. Contact drop as low as .7 volts per 
brush. The almost entire absence of dusting and 
abrasion makes these brushes highly desirable on 
small high speed rotaries where the density does 
not exceed 80 amperes approximately and where there 
are 4 or more brushes per ring. This material is 
also used to advantage on low voltage commutators 
ten to eighty volts and over. 

Attention is called to the fact that since the % 
of copper is given by weight the % of volume of 
copper when combined with graphite of 1/5 the 
weight is much lower but more important to oper- 
ation, since the contact drop is probably proportional 
to the volume of copper and not to the weight, see 
Fig. 22. 

(It is also in order to mention copper gauze 
brushes here although they are almost obsolete and 
outside the sphere of this discussion. Their short- 
comings are well known but it is not generally 
understood that their contact drop is lower than the 
high metal brush and commutation is good, prin- 
cipally on account of the high cross resistance of the 
fabric. Replacing these brushes with metal graphite 
is oftimes a problem). 


SELECTION OF GRADES 
Equipment Grade 


Medium and high speed | Electro Graphitic brush- 
heavy duty generators or | es fully non-abrasive. 
motors with undercut 
mica. 


Medium and high speed Electro Graphitic brush 
heavy duty generators | es with cleaning brushes 
and motors with undercut | distributed over commu- 
mica and periodic over- | tator or graphite brushes 
loads. with 2% or less ash. 


Carbon graphite brush- 


| 
| 
Cranes, hoists, etc., | 
pe with slight cleaning 


with undercut mica. 
action or as second choice 
semi-graphitized carbons. 


Cranes and hoists with | Carbon graphite brush- 
flush mica. | es with_ considerable 
| cleaning action. 

a _— seiialinibaie — 


Carbon graphite brush 
of fine dense structure 
with considerable clean- 
ing action. 


Heavy duty mill mo- 
tor service. 
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Equipment _ Grade 


Turbine field _ rings, Graphite brushes with 


| . . 
steel. | considerable cleaning ac 
tion, light binder and low 
| inertia. 
Rotary slip rings. | _Low metal brushes on 


high speed small sizes up 
to 500 KW., 250 volts and 
1000 KW., 600 volts if 
more than 4 brushes per 
ring. Medium metal 
brushes of a_non-alloy 
type on high speed rotar 
ies 1000 to 2000 KW., if 
density is suitable. 

High metal brushes of 
a non-alloy type on large 
machines 2000 KW = and 
over (alloy brushes only 
on older machines. of 





slower speed). 


Induction motor - slip Use metal brushes only 
rings. | where service demands it. 
| Low friction graphite 
on large machines with 
many brushes per ring. 
Electro graphitic brush 
es on smaller machines 
with fewer per ring. 


A hard and dense, low 


Controllers, contacts, | 
resistance carbon. 


ev. 


HOW TO ORDER BRUSHES. In addition to 
the difficulty of finding the right grade for your 
equipment the brush makers greatest trouble is to 
know exactly what you want in size, bevels, etc. 
You can help this situation by furnishing proper 
specifications. Uniform terms have now been agreed 
on by the carbon brush section of NEMA. Any new 
brush catalog will disclose them. 

The letter Q stands for the cemented shunt. 

The letter R stands for the riveted shunt. 

The letter V stands for the bolted shunt. 

The letter X stands for the recessed saddle shunt. 

A, B, C, D, E, F, G, H are various types of 
lifting clips. 

Positions 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 give differ 
ent locations of pigtails. 

S stands for slotted and O for ring type terminals. 
A figure that follows denotes the opening in 32nd in. 
S9 therefore is a slotted terminal with 9/32” opening 
and may properly be used for 14” screw. 

It is comparatively easy to specify any brush by 
filling the spaces in at bottom of sheet “Standard, 
New Code, Order Form”’—Fig. 23. 

Since the nomenclature applying to brushes 1s 
now uniform, thanks to the united efforts of govern- 
ment and brush manufacturers, it is recommended 
that the “Condensed Brush Data”—Figure 24—be 
made up by the user himself to cover all of his 
equipment. Blanks may be obtained from any brush 
manufacturer. The writer has used these sheets for 
over 12 years. They are readily filed because of their 
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letter size; they contain up to 30 items each and 
all item Numbers are consecutive, beginning with 
No. 1. Property Item numbers or any other desig- 
nations appearing on records may be used in place 
of plain item number. A certain brush is only 
specified once and thereafter if used on other equip- 
ment referred to “Same as Item No. —”. This helps 
to reduce the number of sizes. Where quantity of 
brushes or importance of equipment warrant carry- 
ing a stock, the sheet may be so marked under 
“Maximum” and “Minimum” in “Stock” column. 
Originals are held on file at the Electrical Depart- 
ment, copies at the Store Room or Purchasing De- 
partment. Additions and changes are readily made 
and carried through the records. In this manner a 
co-ordinated system is maintained, avoiding much 
confustion, duplications, excess of stock, improper 
specifications, etc. 

In conclusion it may be stated in all fairness to 
the brush manufacturer that in view of the technical 
points involved in the application of his product his 
status is not an enviable one and admittedly the 
ultimate profits of his business are anything but 
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large. Brushes, commutators and rings are the only 
parts of a machine where appreciable visible wear 
must of necessity take place, for a modern unit at 
10 hours per day and 300 days per year may have 
a total commutator travel of 180,000 miles per year. 
No wonder that the result is apt to be a point of 
controversy. Conditions may arise in the operation 
of equipment for the effects of which the brush 
maker should not be held responsible. He is not a 
Sherlock Holmes. Many phenomena take months 
to develop. On the other hand the brush maker has 
always been willing to provide well trained men for 
the solution of any problems which may arise. Un- 
fortunately these men, mostly for want of moral 
support, have not always been able to analyze the 
problems and define them as machine, brush, condi- 
tion problems or a certain combination of these. 
Taking it all in all, an impartial observer must come 
to the conclusion that the greatest good in the brush 
field may be derived from a closer approach of the 
equipment manufacturer and brush maker on all dis- 
puted points, so that the user may be assured a 
definite performance. 


DISCUSSION 


Discussion Presented by 


K. M. Raynor, Philadelphia, Pa. 

F. O. Schnure, Electrical Supt., Bethlehem Steel Company, 
Sparrows Point, Md. 

P. D. Manbeck, Advisory Engineer, National Carbon Co.., 
Inc., Cleveland, Ohio. 

J. V. Dobson, Chief Engineer, Stackpole Carbon Co., St. 
Marys, Pa. 

H. D. Esterly, Electrical Supt., Alan Wood Steel Company, 
Conshohocken, Pa. 

L. A. Heath, Technical Manager, Morganite Brush Co., 
Inc., Long Island City, N. Y. 


K. M. Raynor: 


Siebenmorgen’s paper, I want to make mention 


Before the discussion of Mr. 


of the rather specific set of questions which Mr. 
Siebenmorgen has prepared and which will be shown 
on the screen and presented by him for open discus- 
sion after the discussion of the main paper. 


F. O. Schnure: This discussion reminds me of 
one of the first times I took my eldest boy to the 
movies. We happened to get inside the picture 
house at the time the orchestra was playing an in- 
terlude. This took up so much time that the boy 
became impatient, and said to me, “I didn’t come 
here to listen to the band!” 


With all this talent here, including brush manu- 
facturers and salesmen, what I have to say may be 
considered as an interlude. We fellows in the steel 
business, complain a great deal about the brushes 
used on some applications. With some exceptions, 
I believe we have almost the same grade of brushes 
on mill type motors that were used ten years ago. 
At that time we had more flat spots on our mill 
commutators than we have today, because undercut- 
ting was not a general practice. However, I think 
vur greatest problem is on our special machines, not 
on the motors but generators. Generators on bloom- 
ing mills are called upon to carry very heavy over- 
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A. S. Bemis, Genera! Supt., Speer Carbon Co., St. Marys, 
Pa. 

J. S. Marcus, Sales Mgr., Electro-Nite Carbon Co., Phila- 
delphia, Pa. 


H. H. Angel, Williamsport, Pa. 


J. Bourath, Electrical Engineer, Electro Dynamic Co., Bay- 
onne, N. J. 


W. Siebenmorgen, President, Electro Service, Inc., Union 


City, N. J. 


loads. The fact is, the overloads and abuse that a 
reversing equipment will get will depend largely 
on the operator. Out of three rollers, one will abuse 
the equipment more than the other two. The motors 
are generally large, slow-speed machines, and give 
very little trouble. We have invariably blamed the 
brushes for generator trouble and in 75% of the 
time, possibly, we have been wrong. When the sit- 
uation was analyzed we usually found mica trouble. 
Maybe one or two high micas here and there, which 
finally gave us flat spots and trouble of a very vital 
nature. 

In looking at Mr. Siebenmorgen’s curves here, it 
struck me that the designers of the equipment might 
be able to furnish us with a statement of the com- 
mutating conditions the brush must master; that is, 
here is a generator that commutates under condition 
A, we will say, and then if we have (X) manufac- 
turer’s brush on that machine and it does not work so 
good, we can try (Y) manufacturer’s brush on that ma- 
chine by referring to condition A. On second thought, I 
do not know whether that is possible or not, because 
those conditions will change with the setting of the brush 
rigging, etc. Anyhow, here is the bad situation in apply- 
ing brushes to electric machines: If we are not satisfied 
with the brush in service and we will first allow the 
brush manufacturer to try another grade. Maybe it will 
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work good, and again it may not. Then we try a 
brush that another manufacturer thinks will do the 
job—and possibly won’t. It is a very embarrassing 
position to take a mill out of production for four or 
five hours to change a set of brushes during the 
week, and we have had that happen time and time 
again in our plant. When a machine cuts up badly, 
we ought to be able to pick from any of half a 
dozen manufacturer’s, the proper brush to do the job 
by naming the condition under which the brush 1s 
to operate and without resort to the trial and error 
method of application. 

P. D. Manbeck: I should like to emphasize 
several points which Mr. Siebenmorgen brought out 
so ably in his excellent paper. The question of 
friction as related to brush angle is coming to the 
forefront more than ever at the present time since 
many reversing mill MG sets are running idle for a 
part of the time. It is a well known fact that the 
co-efficient of friction of carbon on copper rises con- 


FIG. 1 


? 
i 


siderably when no current flows between the contact. 
This fact will explain many cases of chattering on 
machines operating under reduced load whereas the 
brushes under normal conditions carrying load oper 
ate with practically no noise. 

In the figure shown above if “S” represents the 
spring tension, “P” the normal component holding 
the brush on the commutator, “T” the tangential 
component tending to hold the brush in a stable 
position against the side of the box “B”, then it can 
be seen if “F” the friction increases to the extent 
that it equals “T” there will then be no stabilizing 
action and the brush will vibrate between one side 
of the box and the other resulting in the familiar 
chattering action which tends to make shunts and 
hammer clips become loose and break. As long as 
normal current passes between the contacts the co- 
efficient of friction remains low and the force of 
friction “F” never equals the tangential component 
of the spring tension “T” thus insuring a stable 
vperating condition. 

If the cycle of operation cannot be changed and 
it is found that the generators must run for relative- 
ly long periods without any load the co-efficient of 
friction can be decreased by the addition of so called 
graphite “cleaning” brushes which should be stagger- 
ed about the commutator in such a fashion as to 
sweep the surface completely with every revolution. 
If more action is necessary, twice the number of 
cleaning brushes mentioned before can be used and 
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these should be installed on the negative studs of 
the generator unless the polarity is continually 
changing, in which case any studs will serve the 
purpose. 

Cleaning brushes also serve another purpose :—In 
several cases where difficult commutating machines 
are met with, the commutators have a tendency to 
blacken or burn at the edges of the bars. In such 
cases the addition of cleaning brushes usually solves 
the problem. The life of the main set of brushes 1s 
usually increased somewhat by this same means. 
Several grades of cleaning brushes are available and 
if a difficult amount of cleaning action is necessary 
on several machines this can be secured by selecting 
the proper grade and then by varying the quantity 
of brushes staggered in. In this manner, almost any 
desired amount of cleaning action can be secured. 

I feel that too much cannot be said on the subject 
of brush pressure. When a set of brushes is install- 
ed on a machine the recommended spring tension is 
usually applied. However, as the set wears down it 
frequently happens that the spring tension is not 
increased sufficiently often to follow the brush in 
the box and some of the brushes make only indiffer- 
ent contact with the commutator. This most gener 
ally results in selective action which burns and 
blisters the bars and wears away the brushes rapidly. 
Firm contact with the commutator is necessary to 
insure that the brushes carry the load without exces 
sive heating and sparking. Two to two and one- 
half pounds per square inch is usually sufficient for 
an electrographitic grade on a high speed commuta- 
tor traveling 5300 feet per minute provided the brush- 
es are kept free in the holders. 

J. V. Dobson: In reading the advance copy of 
Mr. Siebenmorgen’s paper I found myself taking 
rather strong exception to the first page of the paper. 
[ felt that Mr. Siebenmorgen had ascribed to the 
steel manufacturer, to the copper manufacturer and 
to the manufacturer of insulation, a definite credit 
for being abreast of the time in machine develop- 
ment. But to the carbon manufacturer he did not 
assign such credit. However in listening to Mr. 
Siebenmorgen’s very able paper and his amplifying 
of that paper I now am very sure that that criticism 
does not apply and I feel that the whole subject 
has been handled in a very fair manner. 

Modern electric machine design has reached its 
present stage of development by systematic continued 
and persistent effort to improve all the component 
elements of the machine. The steel manufacturer 
has responded to the demand for better steel, less 
losses and higher permeability and higher mechan 
ical strength. Copper has been improved so that 
today it is 99.8% pure. Insulation is at a very high 
state of perfection as compared to the insulation of 
earlier days. Carbon for brushes has been improved 
as indeed must be to be applicable to higher speed 
machines of present day practice. 

In some respects however, modern electric ma 
chine design has simplified the brush problem. This 
is particularly in reference to improved commutator 
constructions and to the use of the double brush 
brushholders. Commutators are more accurately de- 
signed against the stresses of centrifigal force and of 
expansion. Commutators are better processed and 
better seasoned. Therefore they keep their shape 
better under service conditions. The result is smooth- 
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er commutators, better brush riding, better com- 
mutation, less brush breakage and chipping and long- 
er brush life. 

Similarly the double brush brushholder is a dis- 
tinct improvement for the reasons given by Mr. 
Siebenmorgen. 

The adoption of higher peripheral speeds renders 
a somewhat more difficult problem to the carbon 
manufacturer. Brush friction must be kept to mini- 
mum, brush riding characteristics must be improved 
so that the brush effectively rides the commutator 
in the face of the higher rubbing speeds. This em- 
phasizes the need for lighter brush and a brush of 
higher resiliency factor. In connection with this 
latter the resiliency of a carbon brush (i.e. its ability 
to deform and restore its original shape under pres- 
sure) can be definitely measured and it is found 
that the notably good riding brushes are the ones on 
which the highest resiliency readings may be taken. 

The problem of uniformity is probably the one 
most important to the machine operator. Certainly 
it is possible to reorder brushes with assurance of 
satisfactory duplication better today than was possi- 
ble in the earlier years. This has been accomplished 
by establishment of accurate controlled processes. 
This problem offers still a fertile field for further 
research. 

Mr. Siebenmorgen emphasized one point which 
also is in line with my own experience namely brush 
pressures should be higher rather than lower. It 
is my observation that more trouble is the result of 
too low brush pressure than of too high pressure. 

H. D. Esterly: There are several things that have 
come to my mind. For instance, about twelve or 
thirteen years ago we purchased a motor and we got 
very poor commutation. We thought that the trouble 
was with the grade of brushes, and changed brushes, 
then changed the type of brush holders trying sev- 
eral different kinds, but did not get good results. 
Finally we had kind of a campaign on grinding com- 
mutators, and we ground the commutator of this 
armature right in the bearings. After that we had 
_fine results. 

Another thing Mr. Siebenmorgen brought out in 
his paper was the commutating poles. In winding 
armatures care should be taken as to the right con- 
nection of the leads to the commutator bars. Take 
a General Electric type G. E. 52 Armature, the com- 
mutator of which has 87 bars, this armature is wound 
with leads connecting to bars #1 and 44 and the 
motor does not have commutating poles. Another 
type armature a Westinghouse type MC frame #50 
which has the same number of bars as the G.E. 52 
but this armature is wound with leads connecting 
to bars #1 and 45 and the motor has commutating 
poles. The armature winder wound both armatures 
with leads connecting to bars #1 and 44, this made 
the Westinghouse armature run in the opposite direc- 
tion to the way it should, when the motor was con- 
nected across the line, the commutating poles being 
connected right but the armature running in the 
opposite direction. The proper polarity of the com- 
mutating poles for a motor: proceeding from pole 
to pole around the frame in the direction of armature 
rotation, each commutating pole should have the 
same polarity as the main pole which just precedes 
it. The experience we had with this was that the 
brushes sparked, heated and burnt a ridge in the 
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commutator as wide as the brushes. After correctly 
connecting the leads of the coils to the right bars in 
the commutator we had no more trouble. 

I might add that we have found from our exper- 
ience that the brushes are not always at fault. 

L. A. Heath: First of all I want to congratulate 
Mr. Siebenmorgen upon the thoroughness with which 
he has covered his subject of brush performance. 
This has been done so well there is little left for 
me to do except to stress a few points. 

Regarding brush pressure: the recommended pres- 
sures as given in the paper are quite standard but 
this note may be added, that very often certain con- 
ditions of operation call for a pressure different from 
that usually called standard. The real idea back of 
it all is to secure by means of pressure the best 
commutation, with the least wear on commutator 
and brushes. 

When commutator surface speeds and current 
density permit, the use of the regular carbon grades 
are of distinct advantage where machines are sub- 
jected to oil leakake or oil vapors. Under these 
conditions carbon brushes are much less likely to 
smudge the commutator surface and will maintain 
a more constant contact drop. 

Reference has been made to the relative ability 
of natural graphite brushes to carry heavy overloads. 
Within the range of usual overloads I think the 
natural graphite brush is superior to all other grades. 
When it comes to a real short-circuit on the unit, 
there is a point for dispute. Under these conditions 
the graphite brush will have shot away its entire 
contact face. Often this is considered a good trait, 
for then the brushes take the grief of the short-cir- 
cuit, and no deep burning on the commutator results, 
as frequently happens when an electro-graphitic or 
carbon brush is being used. 

As this evening’s paper clearly brings out, the 
capacity of electric machines is being pushed higher 
and higher per pound of material. Because of this 
fact we must keep in mind the additional fact that 
practically all of the brush wear is due to current 
flow and by this I mean, not only the current that is 
registered on the meters but also the short-circuited 
current that is flowing in the contact face of the 
brush. There is really a transference of material in 
the direction of current flow. This fact is readily 
observed on collector rings of synchronous con- 
densers when the ring of one polarity blackens and 
wears much more rapidly than the other. 

We are coming more and more to realize that 
atmospheric conditions under which the units operate 
play a most important part in brush performance. 
In many of the manufacturing plants of today gases 
are present in the surrounding atmosphere that react 
on commutator and brush to produce a dark, high 
resistance film on the surface of the commutator. 
This film eventually causes commutation difficulties. 
Many troublesome cases of this nature are corrected 
by the use of the graphite brushes as described in 
Mr. Siebenmorgen’s paper. And by the way, let 
us not be too hasty in condemning graphite brushes 
because of apparent commutator wear. In numbers 
of instances the wear seems great because of the re- 
flections of a highly polished surface as produced 
by a graphite brush. The best way is to use a 
= edge and try to measure the depth of the 
valleys. 
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Recently another operating condition which 
affects the AC brushes of a rotary converter more 
than the DC is the relative humidity of the atmos- 
phere in the neighborhood of the unit. It has been 
found in a number of instances that when the hu- 
midity falls below a certain point unusual AC brush 
wear takes place. Some companies have gone to 
the expense of installing humidifiers to correct this 
condition. 

In conclusion, I may say that for service on a 
modern motor or generator the selection of a suit- 
able brush is often a difficult problem. 

A. S. Bemis: After having listened to this very 
interesting paper delivered by Mr. Siebenmorgen and 
the discussion which has followed, I feel that some- 
thing should be said in defence of the brush manu- 
facturer, who, for quite good reasons, usually avoids 
participating in such discussions as this. To im- 
prove upon the excellent grades of brushes now to 
be found on the market, is not at all a simple matter. 

We all appreciate the fact that substantially pure 
carbon seems to be about the only material that 
possesses the natural properties necessary for the 
making of high voltage dynamo brushes. Chemically, 
carbon is a simple element, and as such can hardly 
be expected to permit of very material modification. 
It is surprising, indeed, that enough allotropic forms 
are found to meet the requirements necessary to take 
care of all of the different machines a designing en- 
gineer can build. 

To cite one example of the multitude of problems 
that confront the brush manufacturer, we will con- 
sider contact drop for a moment. This is probably 
the most important single brush property with which 
we have to deal. To secure good commutation on 
most high voltage machines, a comparatively high 
contact drop is required. This is quite easy to 
secure in itself, but unfortunately, contact drop and 
specific resistance go pretty closely hand in hand, 
so that to increase the former to the necessary 
point, so increases the latter that the brushes will 
no longer carry the load current necessary, without 
having their cross section or number increased. This, 
of course, would necessitate a larger and more ex- 
pensive commutator and brush reading, and it would 
also increase power loss at this point. 

As a matter of fact, a great deal of improvement 
has been made in brush manufacture in the past ten 
or fifteen years, and if the machine manufacturer 
had to go back to the old brushes now, he would 
soon appreciate this. 

I do not wish to imply that there is no further 
room for improvement in brushes, for there most 
certainly is, and no one is more keenly alive to these 
possibilities than is the brush manufacturer. The 
condition of keen competition which exists between 
brush manufacturers, is in itself sufficient to insure 
us against any stagnation. 

While nothing radical need be looked for in the 
near future, we may rest assured that the efforts of 
the various brush manufacturers will result in a 
constant and substantial improvement in grades. 

J. S. Marcus: There is one point in Mr. Sie- 
benmorgen’s discussion that has a further interest. 
He spoke of the fact that some years ago Crocker- 
\Wheeler worked on a double-brush, and it might be 
particularly interesting to note that this organization 
has recently done further work on that double brush, 
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we having the pleasure of doing some research for 
them. In using two different brushes in the same 
holders, there is the difficulty of keeping equal pres- 
sure on the two brushes, one always taking the 
load. The problem was to make the two materials 
into a unit brush, and we finally managed to work 
out a cement to hold. 

With regard to Mr. Siebenmorgen’s remarks about 
graphite, we agree with Mr. Heath that it is the 
superior material on modern extra heavy duty equip 
ment. It’s one present drawback is low thermal 
conductivity, which will be overcome someday. Of 
course, it will have some abrasion as noted, because 
being a mined natural product there is a slight silica 
content, but good modern graphite may wear slight 
ly yet not “cut.” And one of these days some manu 
facturer of brushes will find an improved method 
of sorting out the raw material to get so low a 
silica content that will give a completely non 
abrasive brush. 

H. H. Angel: I have certainly enjoyed Mr. Sie 
benmorgen’s paper tonight, and there is not much 
|! can say about it, except that we have had our 
share of trouble with commutation on big machines 
which have been very greatly overloaded at prac 
tically all times. 

I will say that the brush manufacturers have con- 
tributed their time very graciously, and we have co- 
operated with them to try out different grades of 
brushes to see if we could make progress in the life 
of a brush and a commutator. Of course sometimes 
our decisions on the merits of different grades of 
brushes have not been entirely correct or fair, as 
we know from experience that before a brush can 
be given a good test, the commutator must be as 
near perfectly round as possible and slots free from 
mica. Due to certain rolling schedules during busy 
times the latter qualifications are not always obtain 
able. 

J. Bourath: I do not agree with Mr. Siebenmor 
gen that the compensator type of field winding is a 
cure-all. We have gone into this very thoroughly, 
and find that for medium size machines, it is a ques- 
tion whether the compensated field has much value, 
and for small machines it is proven that the com 
pensated type of winding is both expensive, cumber- 
some and hard to maintain. What I mean to say 
is that the results obtained from the application of 
the compensating field on medium and small size 
machines do not justify its application on that type of 
apparatus. 

The statements made by Mr. Siebenmorgen that 
much is to be done on the development of brushes 
are rather in order. We find that when we have a 
special application, it is difficult to get definite in- 
formation from the brush maker, and when we have 
extreme designs, such as very high speed machines 
or enclosed machines of high rating, we are almost 
compelled to design the machine around a_ very 
cumbersome commutator. You can appreciate what 
[ mean when you consider 175 HP running at around 
5000 R.P.M. We have hardly any brush today that 
we would consider in line with the rest of the 
materials that go into the making of a machine of 
this type, and it must be remembered that machines 
of this type are coming into use more and more. 
While the standard brush gives fairly good satisfac 
tion, the special grades we need for cases like the 
above fall short of our requirements. 
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The first thing we would want to see investigated 
is the increase of current desity in a brush used on 
equipment of the above type. That is the reason 
why we were somewhat interested in making a test 
for this lecture to demonstrate the feasibility of run- 
ning a machine with half its normal number of 
brushes. While this test came through all right, it 
disclosed very little. All that we can say is that the 
machine was still on the test floor when we got 
through. 

I want to congratulate the Association on the 
timely subject that they have discussed today. It 
is of interest to everybody, and there are ever so 
many points on which we need information. 

l/r. Siebenmorgen prepared a series of questions 
to be discussed after the lecture. Because of lack of 
lime he was asked to give his answers, which are re- 
corded in short below: 

(). #1. When should lubricated brushes be used? 

A. If at all possible avoid using them at all 
times. No lubricant or treatment is of a 
permanent nature. 

Q. #2. When should “cleaning brushes” be used? 

~ A. Where loads are extremely heavy it has been 

found expedient to resort to “cleaning brush- 
es” in order to preserve a fair commutator 
surface. Graphite brushes of fairly high re- 
sistance with considerable ash content are 
used. Insert enough brushes on each brush 
arm so al! parts of commutator are scoured. 
Use permanently or as occasion demands. 

O. #3. How to obtain same results as with Case #2, 
without danger of selective action. 

A. Use a non-abrasive graphitized carbon on one 
polarity and a. low ash graphite on other 
polarity. 

©. #4. How to reduce cutting by metal graphite 

brushes on composition rings without resort- 
ing to lubrication. 

A. Use a low-ash graphite or a low resistance 
graphitized carbon without pigtails in one 
or more holder. 

QO. #5. What to do after brushes have been moved 
to a different neutral point to improve com- 
mutation. 

A. It is necessary to wait until brushes have 
attained a new face before permanent results 
are obtained. This will take hours or per- 
haps days. 

O. #6. Why older machines give less trouble from 
commutation than modern ones though—to 
use the popular term—‘The density in brushes 
is the same.” 

A. Commutator speeds, both angular and surface, 

are higher and loss in watts per unit area of 

commutator surface is higher. 

Which two features often improve older ma- 

chines of medium and large size. 

A. Reducing thickness of brush and _ providing 
equalizer connections or increasing their 
number. 

©. #8. How an old miner prevented brushes from 

spotting the rings of the synchronous motors 
on his M. G. Sets. 

A. Transferred from the arduous work in the 
mine to a colliery substation he was told that 
rings had to be ground at such and such 
intervals because they would “spot”. He fol- 
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lowed instructions but observed that spots 
had the exact contour of brushes. After the 
next grinding operation, he made it his busi- 
ness to keep the brushes off rings while ma- 
chines were shut down by inserting a match 
between brush and ring. The rings did not 
spot any more.—Moral: Use correct brushes 
and save the matches. 





Q. #9. Can we get along with less grades of brushes. 
A. It is a well known fact that we have entirely 
too many grades and variations. Brush 
makers are doing their best to remedy this 


defect. 
©. #10. Should a machine oscillate or not. 
A. There are advocates on both sides. An 


oscillating machine shows more uniform sur- 
face wear under brushes. Non-oscillating 
machines operate more satisfactorily under 
heavy loads. If brush materials permit the 
latter condition is probably preferable. 

©. #11. Does the nature of marking of commutator 
disclose where armature winding (including 
commutator) or brushes, are at fault. 

A. It positively does in all cases. However, so 
little attention has been paid to this end that 
it is difficult to get enough facts to prove it. 

©. #12. Four different kinds of “cutting” (reduction 

in diam.) of contact surface under brush. 

A. 1. The ordinary wear through abrasive action 
of brush takes a relatively long time. It 
manifests itself by the wave-like appearance 
ot surtace. 

2. The reduction of surface by arcing. This is 
very destructive and quick acting. 

3. The well known tendency of the positive 
brushes (generator sense) to collect copper, 
popularly known as “Electrolytic Action.” 
Most prevalent with graphite brushes. 

4. The so-called “Threading” of surface by 
electrographitic brushes which are otherwise 
non-abrasive. Particles of the brush break 
off at entering edge; they are held in posi- 
tion by rotation or slide under brush, thus 
grooving the surface, their natural hardness 
being perhaps 50 (scleroscope) while the sur- 
face is perhaps 10 or 15 (scleroscope) in 
hardness only. This action has been more 
pronounced in recent years, when the binder 
in brushes has been reduced to obtain a 
structure which will crumble more readily 
and is known to give better commutation. 
Change of brush angle may reduce this 
action. There are electrographitic brushes 
on the market now, which will not thread. 

Q. #13. Why use brushes when you can get along 

without them? . 

A. A humorous story is told about an executive 
of one of the large brush manufacturing 
companies visiting his biggest branch office 
and listening to the manager telling a cus- 
tomer (motor manufacturer who inquired re- 
garding a brush application) that the design 
better be changed to eliminate brushes en- 
tirely since they were not reliable enough 
for the application in question. 

Q. #14. What are the differences in action between 

positive and negative brushes? 
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A. Since the nature of transfer of current from 


brush to commutator or vice versa is prob- 
ably akin to an are or like phenomena, we 
find similar results such as: 
Negative brushes (generator sense) wear 
more. 
Positive brushes (generator sense) collect 
copper. 
Positive brushes (motor sense) keep rings 
brighter. 
Above actions are the reason for staggering 
brushes as shown in text. 
How is the friction of brushes affected by 
the load a machine carries? 
Many of the otherwise peculiar actions of a 
brush are explained by the fact that a film 
is formed under brush at light loads. This 
seems to increase the friction considerably. 
We always find more “chattering” and 
“threading” at light loads. As load comes 
on, this film breaks down and active parts of 
brush are in direct contact with metal sur- 
face, reducing friction. (See Fig. 25 in text). 
What causes brushes to swell? 
The temperature that a brush is subjected 
to may cause oxidization and other chemical 
changes which result in expansion of mate- 
rial. Most non-alloy metal brushes have a 
tendency to expand and are supplied 10 to 
15 mils smaller in size by the makers. 
When do rotary rings spot? 
If brushes are so spaced that the positive 
peak of current wave occurs always when 
a certain point of ring comes under certain 
brushes etc., the rings will mark. If start- 
ing current on a. c. side is too high—If 
brushes have too low a copper content—lIf 
there are less than four brushes to a ring 
(density may be normal). 
What would make an ideal brush? 
If the undoubted advantages of the high 
high grade pure graphite brush could be 
embodied in the well known graphitized 
carbons without the faults of the former 
grade. 
What happens to small enclosure just out- 
side of front bearing covering metal brushes 
and rings of an enclosed slip ring motor. 
The enclosure seems to become copper coat- 
ed on inside from the deposit made by metal 
brushes. It is best to use “copper impreg 
nated” carbons, which do not “dust.” 
Why brushes heated on a large slip ring 
motor? 
The brushes, 16 in number, were of the 
graphite type, placed single file, in a holder 
Yoke of cast brass and small cross section. 
The heavy current was carried by cables 
into one end of Yoke and only a few brush- 
es near this end carried the bulk of current 
due to resistance of Yoke. The difficulty 
was overcome by carrying current into both 
ends of Yoke. 
Do not get peeved when brush manufacturer 
sends you a data sheet to be filled out. 
If it is simply a question of physical dimen- 
sions, fill out the spaces which should be 
provided at foot of sheet. If yours is a case 
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of trouble, you should not hesitate to answer 
even seemingly unimportant questions to en- 
able manufacturer to help you. 

What causes the different marking of every 
2nd, 3rd or 4th bar of a commutator? 

If there are 2, 3 or 4 coils for each armature 
slot and commutator division, the commuta 
tion is not the same for each of these coils 
and the respective bars will take on a differ 
ent color or one of them may even show 
burning. 

Which are the bad pigtails where pigtail 
trouble is evident? 

The good looking pigtails usually are the 


trouble makers. They carry no current be 
cause the resistance at insert end may be 
very high. That leaves the pigtails with 


the good connection to carry more current 
than their share, discoloring and burning 
them. Replace the “good looking” pigtails. 
Why pigtails on graphite brushes give out 
faster? 

All natural graphite brushes have a high 
cross resistance due to the arrangement of 
the flakes of graphite in layers. The usual 
riveted shunt makes contact with one layer 
only. Much heat is generated by the current 
traveling through the various layers to get 
to shunt. The brush disintegrates at that 
point. The solder melts. The shunt fails. 
Use at least 2 shunts of the cemented type. 
\rrange these shunts so they make contact 
with the various strata in the brush. 

What a Street Railway Company did when 
brushes suddenly began to burn, flash and 
wear down during a prolonged cold spell in 
winter time. 

Instructions were given to immediately in 
crease brush tension 259% and further trouble 
was avoided. 

Why should you always use _ pigtailed 
brushes? 

It has become standard practice to use pig 
tails on medium and large size brushes. Rela 
tively small brushes of 14 square inch cross 
section or less are often not provided with 
pigtails because “they carry only a small 
current.” These small brushes will function 
far more satisfactorily if pigtails are pro 
vided. Take the case of a certain Street 
Railway Company which used compressor 
brushes without pigtails at a certain cost 
per year with many compressor failures. 
\\ hen pigtailed COMpressor brushes were in 
stalled the brush cost per year was cut in 
half and failures were practically eliminated. 
low one large utility system keeps its ro 
taries in good shape, and why another sys 
tem cannot do as well. 

A certain Railway system in one of the large 
metropolitan centers is fortunate in having 
a relatively large number of rotaries in each 
substation. This enables it to keep a fairly 
constant normal load by cutting machines 
in and out to suit the demand. Load factor 
is high. Performance is normal. The tem- 
porary application of a few cleaning brushes 
keeps the few commutators which tend to 
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discolor in good shape. Another system on 
similar service has a lesser number of ro- 
taries in each substation. Peak loads per 
machine are higher, load factor is lower, per- 
formance is less satisfactory. Commutators 
have to be ground more often. 


Hlow to run a machine with % the normal 
number of brushes. 


Since the contact drop of brushes depends 
on the total pressure on brushes and not on 
the pressure per square inch it is possible 
to run a machine with one half the number 
of brushes, if the spring pressure is increased 
to double the normal amounts. It is as- 
sumed that the original density is not over 
35 amps., per square inch approximately and 
it is recommended that interpoles be adjust- 
ed for more compensation. ‘To demonstrate 
this the Electro Dynamic Company of Bay- 
onne, N. J., tested their standard 50 HP 
motor at 1710 rpm and removed brushes 
etc. in accordance with above and tested it 
again. While the commutation was not as 
good in the latter case the commutator tem- 
perature was reduced by 6° C., nevertheless. 
It is reasonable to assume that brushes 
would wear faster under the abnormal con- 


dition. 


What is perhaps the most common mistake 


made in handling brushes: 


Not enough pressure is used to meet all 


conditions. 


What causes the lightning like marks in side 
of brushes? 

It has been pretty well demonstrated that 
these marks are due to foreign particles of 
grit or dirt which work their way along the 
surface of brush under the peculiar condi- 
tions of vibration existing particularly on 
moving equipment. 


What causes hunting in motors. 


An overcompensated interpole motor with 
brushes perhaps slightly back of proper posi- 
tion may, when load is suddenly thrown on 
at high speed (weak field), cause enough 
decrease in counter electromotive force of 
armature (through Interpole, etc. influence) 
to force a dangerous increase in speed. If 
now the inertia of load is high the current 
keeps on rising until interpole is saturated. 
Then current begins to decrease. This and 
the high inertia of load may now raise the 
counter electromotive force above the im- 
pressed e.m.f. and armature will act as brake. 
This same cycle repeats itself. Remedies— 
cut down compensation of interpole, cut 
down interpole core, move brushes into cor- 
rect neutrai, put a few stabilizing turns 
(compound cumulative) on fields. 


What “side wear” in brushes? 


When the pigtail of a motor or generator 
brush breaks off, we find that brush wears 
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away where it is in contact with holder.— 
Mostly due to carrying of current under ad- 
verse conditions of pressure and vibration 
(see also Q 26). Brushes on ventilated street 
railway motors are operated with high 
spring pressure which keeps a brush holder 
shunt in intimate contact with brush and 
thus replaces the standard pigtail of the 
stationary equipment. The “side wear” ex- 
perienced with these railway brushes has 
dust 


been proved to be largely due to 
taken in with cooling air. (See also Q30). 
In latter case take in clean air from top 


of motor and shield commutator. 


rush temperature vs. commutator temper- 


ature. 

Brushes according to their composition and 
manufacturing process may be subjected to 
considerable heat. As long as they function 


properly there should be no objection. The 
resultant commutator temperature is im- 
portant and should in no case exceed the 
limits set by specifications. 

What is temperature at contact face of 


brush? 

Careful research has shown that the points 
of contact face on brush which carry the 
current have a temperature of 1200°C to 
1500°C, 

Should commutators 
“flush mica”? 

The advantage of “slotted mica” commuta- 


be “slotted” or left 


tors is now universally understood. Most 
machines are now “undercut”. Where crane 
motors (or other equipment) are apt to 


gather oil on commutator it is safer to leav« 
them flush. This may also apply to cases 
where moisture is excessive (steam conden- 
sation). Low voltage machines using metal 
graphite brushes, especially of the high metal 
type, are considered safer with flush com- 
mutators. 


Do fumes, gases, dust, etc. have any in- 
fluence on brush performance? 

Many cases of chemical action of gases are 
on record either through adverse influence 
on commutator surface or decomposition of 
brush or pigtails. Dust often causes wear 
and ridging of rings —Remove causes. 


Is there any methods to relieve selective 
action of brushes during operation when 
heavy currents are involved such as occur 
in large lighting rotary rings for instance? 
When extreme selective action of brushes is 
evident (heating, burning, vibration of pig- 
tails) reduce the load for a minute or more. 
Often the selective action disappears in 
bringing up load, particularly on rotary ring 
brushes. This is a handy remedy where 
enough rotaries run in parallel (large Edi- 
son systems etc.) and load may be carried 
temporarily on other units. (Unfortunately 
method is not possible in turbine or syn- 
chronous motor rings on account of the 
nature of load carried by brushes). 
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QUESTIONNAIRE 
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COVERING 


ARC WELDING EQUIPMENT, AUTOMATIC ARC WELDING, ELECTRODES, 
OPERATORS, CARBON ARC WELDING, RESISTANCE WELDING, 
ATOMIC HYDROGEN WELDING, ACETYLENE WELDING, 

THERMIT WELDING AND GENERAL QUESTIONS 


INDUSTRY 


WELDING ENGINEERING DIVISION 


THE ASSOCIATION OF IRON & STEEL ELECTRICAL ENGINEERS 


ARC WELDING EQUIPMENT 
How many are welder motor generator sets do 
you have? 
How many single operator arc welding sets? 
How many multiple operator are welding sets 


(more than one operator welding from one 
machine) ? 
What is the total welding current capacity 


(amperes) of these machines? 

(a) Single operator sets. 

(b) Multiple operator sets. 
Are generators constant voltage or 
voltage? How many of each? 
Under what conditions do you favor single or 
multiple operator welding sets? 
Do you favor constant voltage or variable voltage 
{constant energy ]? 
{constant current} 
Is your are welding 


\ ariable 


generator. 


Production? 

Maintenance? 

What trouble do you have with your electrode 
holders? 

How many A. C. are welders do you use? 

Have vou a preference between A. C. and D. C. 
arc welders? 

Do the Operators themselves have a preference 
and why? 

Is the metal deposited with the A. C. 
as with the D. C. welders? 

If not, wherein does it vary? 

Can you use the same electrode with A. C. as 
with D. C.? 

If so, what type do you use? 

With a given size of electrode and a given value 
of welding current, will the A. C. welder deposit 
as much metal as the D. C.? 

If not, what is the proportion? 

Have you made tension, torsion and shear tests 
with A. C. welder and D. C. 


' 
as gt 0d 


of welds made 
welder? 

If so, was there any marked advantage in tests 
in favor of either A. C. or D. C.? 

Are your A. C. welders equipped with high 
frequency for starting the arc? 

How many different manufacturers’ machines do 
you have? 

If you were buying a new welder, what would 
be your general specifications? 
Do you use the are for cutting? 


Why? 
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\re A. C. and D. C. both satisfactory for 


cutting? 


AUTOMATIC ARC WELDING 


Do you use automatic metal are welding: 
Do you use bare or coated electrodes? 

What difficulties have you encountered in any 
of the following automatic are welding prob 
lems? 

(a) Inherent characteristics of machine. 
(b) Buckling of material being welded. 
(c) Penetration. 

(d) Breaking after welding. 

(e) Machining weld. 

(f{) Consistency of results. 

(g) Of what does your welding consist. 
Do you use automatic carbon are 
What difficulties have you encountered in any 
of the following automatic carbon are welding 


welding? 


problems? 
(a) Inherent characteristics of machine. 
(b) Buckling of material being welded. 
(c) Penetration. 
(d) Breaking after welding. 
(e) Machining weld. 
(f) Consistency of results. 
(g) Of what does your welding consist? 
Do you use single or double arc? 


ELECTRODES 
\Vhat sizes and types are mostly used? 
Do you use heavily coated, bare or lightly coated 
electrodes? 
Do you find any marked advantage with heavily 
coated electrode, taking into consideration (cost 
per pound of deposited metal, strength of de 


posited metal, speed of welding, ductility and 
soundness) ? 
What percentage of loss do you have due to 


short ends in welding electrodes? 
What length of electrode do you use? 
What grade of electrode do you use for building 
up 

(a) Structural material. 

(b) Rolls. 

(c) Steel Castings. 

(d) Gears. 

(e) Pinions. 

(f) Shafts. 

(2) \Vobblers. 
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What electrode do you use on 

(a) Boilers. 

(b) Stoker Links. 

(c) Cast Iron. 
Do you have a table with current values, size and 
type of electrodes for each application or do you 
depend on operator’s judgment? 


OPERATORS 

Do you have a welding supervisor? 
Do you have a school for your welding oper- 
ators? 
Do you have your operators pass a qualification 
test? 
Should operators all be qualified on horizontal, 
vertical and overhead welding? 
What basis of comparison do you use in classi- 
tying operators: 

(a) Pounds per hour. 

(b) Feet per hour of various size fillets. 
Do you make periodical tests of your welding 


? 


operators: 
What tests do you make? 
(a) If a tensile test is required, what are the 
requirements f 
(b) What is your method of inspection and 


) 


test measurements of fillet welds: 

(c) Are fillet gauges used. 
How do you classify your welders in comparison 
to other crafts? 

(a) Skill 

(b) Semi-skilled. 
What percentage of labor turnover do you have 
among your operators per year? 
Do you use and what results are obtained from 
various incentive systems of compensation as 
applied to various types of welding? 
Are the operators responsible for maintenance 
of machines and equipment? 

(a) If not, who is responsible? 


\re your arc welder operators also acetylene 


? 


welders: 
CARBON ARC WELDERS 


To what extent do you employ carbon are weld- 
ing? 

Do you experience any porosity of the welds or 
lack of consistency? 

Do you experience any difficulty with carbon in 
the weld metal? 

Do you use a fill-in rod of same chemical com- 
position as base metal? 

What is the minimum thickness, maximum thick- 
ness of material you are able to weld with the 
carbon arc? 


RESISTANCE WELDING 


What is the total K.V.A. of all vesistance weld- 
ers in your plant? 

Do you find it necessary to install voltage regu- 
lators on large resistance welder units? 

Do you find it necessary to use motor-generator 
sets (three phase motor—single phase generator ) 
to furnish power to your resistance welders: 
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(a) For power factor correction. 

(b) To balance single phase on multiple phase 
line. 

(c) To prevent power surges on shop line. 

Do you find it necessary to use synchronous 
condensers or static condensers for power factor 
correction ? 

(a) Which do you use? 

(b) Are they on the primary (6600-4400-2200) 
or secondary (550-440-220) side of the 
transformer? 

Are you paying a penalty for low power factor 
caused by resistance welder load? 

Do you notice any fluctuation of voltage at gen- 
erating station or main sub-station caused by 
welder load? 

Do you find your resistance welders cause any 
more surges on your lines than large motors 
driving shears, punch presses or rolls, etc.? 

Do you find a resistance welder causes as much 
disturbance as a large motor in starting? 
When more than one resistance welder is on a 
given line, do you experience more fluctuation 
than a single welder? 

If you are penalized for your welder load, what 
is the percentage of penalty? 

Are your welders full automatic as to current 
control? 

Do you do seam welding? 
What is the maximum 
Minimum thickness? 
What is the method of current control you use? 


thickness of plates? 


What speed per minute do you obtain? 

Have you tried the thyratron type control for 
seam welding or spot welding? 

What success? 

In spot welding is your current control auto- 
matically controlled ? 

In your opinion is resistance welding more reli- 
able and stronger than are welding? 

If so, for what types of joints and what applica- 
tions? 


ATOMIC HYDROGEN WELDING 


Do you use the atomic hydrogen method of 
welding? 

What class of work do you apply it to? 

Do you use hydrogen or dissociated anhydrous 
ammonia? 

What is the minimum, maximum thickness of 
material you weld with the atomic hydrogen 
welder? 

What success have you had with this welder in 
repairing machine tools and cutters? 

Have you found it best adapted to production 
or repairs of equipment? 


ACETYLENE WELDING 
Do you use acetylene welding for maintenance 
—production ? 
Do you generate the acetylene? 
(a) Purchase acetylene tanks? 
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3. What is the minimum thickness, maximum thick- GENERAL 
acs . 1 , , - , - o 
ness of the snaterees you weld with when using 1. Do you depend upon your ammeter for your 
acetylene welders! current settings or do the operators depend upon 
4. What are your costs in percentages to are weld- their judgment? 
ing? 2. How many meters on your machines are in 
, er , i working order? 
5. Do you maintain a school for training your ‘ d j 
: , > , 3. Do you find the volt-meters, ammeters, etc., the 
acetylene welders: - me 
. manufacturer puts on his welders a benefit: 
6. In welding cast iron, what welding filler rod !. Are your single operator sets mounted on trucks? 


do you find best! 5. How many times are they moved in a month? 


THERMIT WELDING 6. Is the design of your trucks such that they are 


likely to upset during transportation? 
1. Do you use thermit welding for maintenance? 7. Do you have any complaints of your welders 
P . ; causing radio interference? 
2. For what class of work do you use thermit - 


welding? 


8. Do you favor polarity reversing switches? 
9. What troubles do you experience with cables? 
3. Do you have a special thermit welder, or can 10 


‘ . What type or grade of cable do you prefer? 
vour electric welder do both? : ; 


11. Have you standardized on ground clamps? If 
4. What success do you have on heavy repairs? so, what type or grade? 


THE 
STATISTICAL DEPARTMENT 
OF THE 


IRON AND STEEL ENGINEER 


will assist you 


in 

1. Research and development. 18. Useful to furnace builders. 

2 Sales. 19. Useful to electrical manufacturers. 

P ° ° ° » leaf . -_ > - : . : > 
3. Apportioning developing costs. 20. Useful to builders of combustion equipment. 

4 Potential markets. 21. Useful _to builders of lubrication and device 
5. Determining renewals to be purchased. manutacturers. 

6. Regional possibilities 22. Useful to crane builders. 

. « S: ». , - “ . ° 

5 . : : 23. Useful to manufacturers supplying equipment 
7. Steel mill centers to be modernized “at : Ppiying yur] 

8. Plant names and locations mt CONS OVERS, 

o. < ‘ 2S < < 3. ‘ y ° - . ° 

; : . : 24. Useful to manufacturers supplying blast fur- 
9. Percentage of plants modernized. , 


nace equipment. 


10. Percentage of plants to be modernized. 25. Useful to manufacturers supplying equipment 
1. Combine. ai tenet enstode i: Game ce in ened 

79 Electrical “= q eg I — 26. Useful to manufacturers supplying equipment 
o & ‘ juipment analysis. for Bessemer converting plants. 

14. Mechanical equipment analysis. 27. Useful to manufacturers supplying equipment 
15. Useful to mill builders. for all classes of rolling mills. 

16. Useful to bearing manufacturers. 28. Useful to manufacturers supplying equipment 
?. Useful to gear builders. for power houses. 


THE ABOVE INFORMATION SUPPLIED GRATIS TO ADVERTISING CLIENTS. 
Write for further particulars. 
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PERSONNEL CHANGES 


a 
Walter H. Burr, formerly Electrical Superintendent 
of the Lukens Steel Company at Coatesville, Pa., has 
been promoted to the Superintendency of both the 
Electrical and Mechanical departments of that com- 


pany. Mr. Burr is a very active member of the A. 














W. H. BURR 


I. & S. BE. E. At the present time he is serving as 
second Vice President, also Chairman of the Electri- 
cal Developments Committee of the Society. The 
\ssociation wishes at this time to congratulate Mr. 
Burr on his advancement and wishes him continued 
success in his new capacity. 

a 

Ralph Kelly, formerly southwestern district mana- 
ger at St. Louis for the Westingheuse Electric & 
Mfg. Co., East Pittsburgh, Pa., has been named cen- 
tral district manager with headquarters at East Pitts- 
burgh. He has been with the company since 1909, 
and has been in the St. Louis office since 1926. John 
\ndrews, Jr., continues as Pittsburgh sales manager. 

” 

KF. KE. Chesney has been appointed purchasing 
agent of the American Steel & Wire Co., with offices 
in the Rockefeller Building, Cleveland, succeeding J. 
N. Fleming, who retired Dec. 1 after 46 years con- 
tinuous service. Mr. Chesney was for a long time 
connected with the company’s purchasing department 
in Chicago and was transferred to Cleveland more 
than a year ago as assistant purchasing agent. D. 
C. MacDonald remains as assistant purchasing agent, 
with office at 94 Grove street, Worcester, Mass. 

Charles F. Blackmer, vice president in charge of 
operations of the American Steel & Wire Co., Cleve- 
land, becomes president of the company Jan. 1, in 
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succession to John S. Keefe, president since Dec. 28, 
1927. 

Mr. Keefe, who is rapidly approaching the com- 
pulsory retirement age of the United States Steel 
Corp., of which the American company is a subsidi- 
ary, has been identified with the Corporation or a 
component company since 1888. 

Mr. Blackmer was born in Worcester, Mass., 
April 1, 1879. In 1898 he became assistant in the 
laboratory at \Waukegan, Ill., of the Washburn & 
Moen Wire Co. When in 1899 the Washburn & 
Moen company was acquired by the American com- 
pany, Mr. Blackmer was a foreman in the wire-draw- 
ing department of the Waukegan plant. 

In March, 1912, he was made assistant superin- 
tendent of the Waukegan Works. The Minnesota 
Steel Co. being projected by the Steel corporation, 
he was assigned to Duluth to design and put into 
operation the wire mills there, being made superin- 
tendent in June, 1921. The Minnesota company is 
now being managed by the American company. 

Managership of the Pittsburgh district of the 
American company was tendered to him in March, 
1925. In that capacity he served until December, 
1927, when he was made general superintendent of 
al! the company’s mills, with headquarters at Cleve- 
land. In April, 1930, he was made a vice president 
in charge of operations, a post which he filled until 
his succession to the presidency of the company. 


A 


Mr. T. E. Hughes, formerly assistant Superin- 
tendent and more recently acting Superintendent of 
the Electrical Department of the Carnegie Steel Com- 
pany at Duquesne, Pa. has been appointed as the 
head of the Mechanical and Maintenance Depart- 





T. E. HUGHES 


ments. Mr. Hughes has been an active member of 
the A. I. & S. E. E. for many years. He has con- 
tributed many valuable discussions to the editorial 
columns of the Iron and Steel Engineer, chiefly, 
those dealing with the Safe Practices in Connection 
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with the Operation of High Tension Power. The 
Association wishes at this time to congratulate Mr. 
Hughes on his advancement and wishes him con- 
tinued success in his new capacity. 

A 
Mr. W. B. Shirk, former steel mill engineer of 
the Westinghouse Electric & Mfg. Company at East 





W. B. SHIRK 


Pittsburgh, has accepted a position with the Gulf 
Refining Company of Pittsburgh, Pa., in the Lubri- 
cation Sales Department. Mr. Shirk has been an 
associate member of the A. I. & S. E. E. for twelve 
years and has taken a very active part in all of the 
Association activities. He has presented many pa- 
pers before the various district sections of the So- 
ciety and at the last convention, in Pittsburgh, Pa., 
delivered papers before the Electrical and the Lub- 
rication Engineering Divisions of the Association. 


~ 


C. M. Konkle, of the Federal Shipbuilding & Dry 
Dock Co., Kearny, N. J., has been named auditor of 


the Tennessee Coal, Iron & Railroad Co., Birming- 
ham, Ala., succeeding F. B. Winslow, resigned. 


7 


Walter F. Perkins, general manager, Harrison, N. 
J., works of the Worthington Pump & Machinery 
Corpn., has resigned to become vice president and 
general manager of the Bartlett-Hayward Co., Balti- 
more. Mr. Perkins was associated with the Bartlett- 
Hayward Co. from 1914 to 1927, when he became 
connected with the Worthington company. 

Hugh Benet, formerly manager at the Holyoke, 
Mass., works, has been made works manager at the 
Harrison plant of the Worthington company. 

A 

H. J. Davis, who has been general superintendent 
of the Clairton, Pa., works of the Carnegie Steel Co. 
since 1905, has submitted his resignation effective 
Dec. 31. Mr. Davis has been identified with the 
Steel Corporation subsidiaries and their predecessors 
for 43 years, having begun work as a machinist in 
the Edgar Thomson works, Braddock, Pa., in 1889. 
He later served as master mechanic at the Home- 
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stead steel works, and subsequently became general 
superintendent of the Donora, Pa., works, American 
Steel & Wire Co. From this position he went to 
Clairton in 1905. 

a 

Douglass Millard, manager of fuel sales of the 

Colorado Fuel & Iron Co., Denver and Pueblo, Colo., 
has been appointed manager of by-product sales ot 
the company, by Arthur Roeder, president. 

a 


Farrel-Birmingham Company, Inc., Ansonia, 
Conn., announces the appointment of Richard A. 
North as Assistant Chiet Engineer. 

To his new post Mr. North brings a diversified 
experience in various phases of mechanical engineer- 
ing and industrial management acquired in several 
years of collegiate teaching and in connections with 
prominent firms in the manufacturing and transpor- 


tation fields. 
se 


WITH THE MANUFACTURERS 


- 
NEW ALL-STEEL SILENT GEARS 


Interest is being displayed in the new silent all- 
steel gears and gear blanks being manufactured by 
the John Waldron Corporation of New Brunswick, 
i Bs 

A new bulletin has just been released to com- 
pletely describe the patented construction and com- 
bined advantages of these new silent all-steel gears. 
It contains complete tables of sizes, illustrations 
and cutting instructions. A copy may be had by 
writing to either the manufacturer or to Smith & 
Serrell, General Sales Agents, Globe Indemnity Build- 
ing, Newark, N. J. 

& 
IMMERSION HEATER 

An immersion heater designed to warm oil, wa 
ter or other liquids quickly, is being manufactured 
by The Martindale Electric Company, Cleveland, 
Ohio. The heater is made in two styles, one with- 
out thermostatic control with a rating of 800 watts 
and the other with a built-in thermostatic control 
with a rating of 525 watts. The heaters are made 
for use on 110 volts only. The thermostat used is 
designed to control the range from room temperature 
to 300 deg. F. The heaters are 30 in. in length, 
having a minimum immersion depth of 9 in. and a 
maximum depth of 25 in. 

a 


OILPROOF OKOCORD 

In certain types of service portable cords are sub- 
jected to the continual attack of oil resulting in 
deterioration not only of the outer coverings but 
eventually of the insulation. To meet this condition 
The Okonite Company of Passaic, New Jersey, has 
developed a full line of portable cords and cables 
having a special outer sheath which is impervious 
to the destructive action of oil or grease. This line 
of cords and cables is called “Oilproof Okocord”. 

As the name implies, Oilproof Okocord possesses 
all the good qualities of the Okocord line plus con- 
tinued resistance to oil, thus rendering it highly 
suitable for use around machine shops, garages, re- 
fineries, oil wells, etc. Strong sunlight and ozone 
also has little effect on this cord. 
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NEW MOTOR CONTROL FOR MINE DUTY 
A new, across-the-line type, automatic, D.C. Motor 
Controller has been announced by Cutler-Hammer, 
Inc., Milwaukee, Wis. It employs a simple, novel, ad- 
justable means of timing to allow the field current of 
the motor to build up full strength before the circuit 
to the armature is closed. This feature protects and 
saves the motor by cutting down the current inrush 
about 50%. 
+ 
OZONATOR 
The Jefferson Electric Company, Bellwood, IIli- 
nois, has just published a four-page illustrated folder 
describing the Jefferson Ozonator which has recently 
been put on the market. As the folder indicates, 
this device has an unusually wide application for pur- 
ifying and vitalizing air. Write Jefferson Electric 
Co., Bellwood, Ill, for a copy. 
MOTOR REDUCTION UNIT 


Allis-Chalmers Manufacturing Company announce 
the development of a Motor Reduction Unit for use 
where low speed drives are required. A_ standard 
round frame type motor is mounted directly on the 
gear reducer housing thus forming a compact unit. 
Helical gears are used which permits the highest 
possible efficiency and the most quiet operation. 

Standard speeds at the power take-off are from 
3.02 R. P. M. to 380 R. P. M., but lower speeds can 
be provided. 6.08 R. P. M. is obtained with the use 
of a 1750 R. P. M. motor. 

The bearings supporting the gear drives are ball 
or roller type. Lubrication is automatic and con- 
tinuous insuring an adequate supply of lubricant at 
all times. Standard units are arranged for floor 
mounting. Units can be supplied for wall, ceiling 
or vertical mounting. Any desired type of motor 
may be supplied—standard squirrel cage induction 
motor, wound rotor type, enclosed fan-cooled, ex- 
plosion proof, or direct current. 

Inherent advantages of separate motor and re- 
ducer construction are maintained such as ease of 
maintenance, replacement of individual units, adapta- 
bility to change in ratios, etc. 


& 


NEW BULLETINS ON LUBRICANTS 
National Carbon Company, Inc., Carbon Sales 
Division, Cleveland, Ohio, has recently issued three 
new bulletins covering the application of Gredag 
Lubricants. These bulletins are known as Catalog 
Sections G-132, G-232 and G-332. Catalog Section 
G-132 gives a complete description of all grades of 
Gredag Lubricants and is a general treatise on lub- 
rication. Catalog Section G-232 applies specifically 
to the lubrication of outdoor equipment and Catalog 
Section G-332 covers the lubrication of Industrial 
Equipment. Copies of these bulletins may be ob- 
tained by writing to the company, addressing your 

inquiries to P. O. Box 400, Cleveland, Ohio. 


& 
A NEW COATED ELECTRODE FOR MANGANESE 
WELDING 
A new coated electrode for manganese welding 
has been announced by the General Electric Com- 
pany. This new wire finds its principal application 
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in the building up of worn manganese steel castings 
to original dimensions and in the repair of such frac- 
tured parts. It also can be readily applied to obtain 
a manganese steel surface on parts of ordinary steel 
and iron, thereby giving the parts a tough, work- 
hardening, wearing surface at a low cost. Other ap- 
plications will be found in worn equipment. Con- 
siderable saving is possible through reclaiming in- 
stead of scrapping, dipper teeth, crusher mandrels, 
and all pulverizer parts, as well as worn parts of 
numerous items of equipment used in the oil fields. 
In addition, this new electrode should be of great 
interest to the traction industry for building up worn 
switches, frogs, and crossovers. 


s 


OBITUARIES 


Mr. P. M. Smith, Pittsburgh District Manager of 
the Treadwell Engineering Company, died at his 
home, Mt. Lebanon, Pa., December 10, after a short 
illness. Mr. Smith was an associate member of the 
A. I. & S. E. E. for many years. His host of friends 
in the Steel Industry together with the members of 
the Association wishes at this time to extend their 
condolences to the family and associates of this well 
known engineer. 

* 

George H. Isley, 50, manager of the combustion 
control department, Morgan Construction Co., Wor- 
cester, Mass., died November 30. In 1906 he entered 
the employ of the Morgan company as a draftsman. 
For many years he was active in the gas producer 
department of that company, where he contributed 
a number of inventions and patents to the develop- 
ment of the producer gas machine. In 1917 Mr. Is- 
ley became interested in the improvement of high 
temperature furnaces and soon centered his attention 
upon the development of a high-grade reversing 
valve. Although a complete mechanical and practi- 
cal success, after making a number of installations, 
his acute sense for simplicity and directness inspired 
him with the idea of completely eliminating the re- 
versing valve, so-called, by the Isley system of re- 
generative furnace arrangement and operation. 


os 


Cuyler Adams, 80, who discovered the Cuyuna 
iron range in Minnesota and built the Cuyuna Iron 
Range railroad, died Nov. 29, at his winter home at 
Tryon, N. C. 

a 

Elmer E. Stone, 77, general purchasing agent of 
the American Steel & Wire Co., Cleveland, until his 
retirement a year ago, died at Cleveland, Nov. 12. 
For 49 years he was associated with the American 
Steel & Wire Co., the last 30 as general purchasing 


agent. 
‘7 

Regis G. Snyder, 25, son of W. T. Snyder, of the 
National Tube Company, McKeesport, Pa. and a past 
President of the A. I. & S. E. E., died at his home 
in McKeesport, Pa., after a short illness. Regis was 
well known throughout the Pittsburgh Steel district 
having been associated with different steel mill equip- 
ment manufacturers during the last few years. The 
Association wishes at this time to express their deep- 
est sympathy to the family and friends of Regis. 
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ELLIOTT 
MOTORS 





Built to the job 
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OT because we're sold out—not because we have 
depression - cold feet. Our shelves are bare simply 


because we don’t build motors that way. 


Too often, when a motor is sold, it is customary to 
reach up on the shelf and haul down a general purpose 
motor of average design. Such a motor usually gives 
average results, whereas a motor designed for the 


specific job should fit the requirements like a glove. 


Elliott motors are all tailor-made to the individual 
job for which they are sold. For each application, de- 
sign features are manipulated and certain of them 
emphasized to meet the user’s particular requirements, 
giving him certain decided advantages not to be ob- 


tained from a standard design motor. 


Since built-to-the-job motors are our specialty, we are 


set up to turn them out promptly. 


Do you want an average design motor, or a motor that 
will exactly meet your requirements ? If you want a 


motor designed to the job, consult Elliott. 


ELLIOTT COMPANY 


PITTSBURGH, PA. 


c 


District Offices in Principal Cities L-680 





Electric Power Department RIDGWAY, PA. 
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BUILDERS OF STEEL MILL CRANES OF STEEL MILL STEEL 














Cleveland Crane Quality is featured in this crane having welded one-piece 
rolled steel trolley frame, bridge girders and end trucks - roller bearings 
throughout - herring bone gears running in oil. 


This Quality is reflected in lower operating costs - less maintenance - and 
uninterrupted materials handling service. 


5200 Cranes have been built by Cleveland in 35 years. This well fits us 
to meet your most exacting modernizing requirements. 


THE CLEVELAND CRANE & ENGINEERING CO. 


NEW YORK DETROIT WRCKLITTE Ono PITTSBURG CHICAGO 


CW CWT ALAIN 


Ww Liki WY RAB BLN 
All Sizes for Cn ARITA 


Every Service a _=—_, «1 VE —— 


WAUL BIME 
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If wiring could shout 


ye certain jobs where workers are exposed 
to high temperatures they are equipped 
with the protection of asbestos clothing, en- 
abling them to function in comfort and effi- 
ciency. 

Yet how general it is for engineers to in- 
stall vital electrical circuits in locations where 
severe conditions attack the wiring without 
giving any thought to the protection which 
these wires must have if they are going to 
stay on the job without failure. 


Wherever wiring is located so that it is 
attacked by heat, fumes, vapors, oil or grease, 
or where a fire hazard exists, wire should be 
used which will stand up without failure 
under these conditions. 


Rockbestos insulated wire is this kind of 
wire. It can’t burn, can’t deteriorate from 
heat, doesn’t rot from oil or grease, fumes 
and vapors can’t eat it and time has no aging 
effect on it. Asbestos, with which these wires 
are insulated, is immune to these conditions. 





In the Rockbestos line are wires for all 
lighting and power circuits (up to 7,500 volts 
—2,000,000 C.M.) for motor leads and coil 
connections, for rheostat wiring, magnet wire 
for heatproof windings and flexible cord for 
drop and extension lights—all with failure- 
free Rockbestos insulation. 


A free data book will be sent without obli- 
gation to any interested engineer. Address 
Rockbestos Products Corporation, 473 Nicoll 
St., New Haven, Conn. 


Photo courtesy Johns-Manville 


ROCKBESTOS ~ the wire with permanent insulation 


& S. E. E.— TWENTY-FIVE YEARS OF ENGINEERING SERVICE TO THE IRON & STEEL INDUSTRY 


VUue—nn 





A. |. 











542 





A. 


IRON AND STEEL ENGINEER 








DECEMBER, 1932 


AY, billion revolutions without relubrication 


... and still going strong! 


Nearly five years ago, two N-D-Seal 
ball bearings were installed in a 
motor to see how long they would 
operate without lubrication atten- 
tion. Day and night, for over 
40,000 hours, this motor has been 
driving a testing device in New De- 
parture’s laboratory . . . the equiv- 
alent of 16 years’ normal service... 
and is still going strong! Not a 


bit of grease has been added since 


the start, at which time they were 
charged with the same amount that 


every N-D-Seal is given before delivery 





Sectional view 
N-D-Seal 
Bearing 


to the customer. New Departure 
does not advocate negligence like 
this on the part of N-D-Seal users, 
but you men who build or buy 
machinery must see in this test the 
beginning of a new era in mainte- 
nance economy. Every time a man 
in your shop squirts oil in a hole, 
he points at a position that should 
be occupied by a New Departure 


Ball Bearing in the next machine 


you buy. Specify New Departures and 
watch your maintenance costs go down. 


New Departure Mfg. Co., Bristol, Conn. 


NEW DEPARTURE 
BALL BEARINGS 
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Danger Banished.. 


The Bartlett Hayward Co. Westling 
Valve's Speed, Strength, Simplicity 
and Tightness Assure Efficient 
Operation — Perfect Safety 


Consider these facts about the Bartlett Hayward Co. 
Westling Valve: 


1. ITS STRENGTH:A heavy, annealed, cast steel frame 
provides a rigidity and structural strength capable of compen- 
sating for the maximum operating strains developed. 


2. ITS SPEED: The complete operation from open to closed 
or from closed to open can be accomplished in a minimum of time 
For example, a 36” valve can be closed in 42 seconds, and a 60” 
valve in 114 minutes. Both of these times are based on one man 
operation. This exceptional speed has been the prime factor in the 
selection of the B. H. Co. Westling Valve for many indoor instal- 
lations, where speed is of great importance as a safety factor. 


3. ITS TIGHTNESS: Another important safety factor- 
tightness—is well cared for in the B. H. Co. Westling Valve 
Careful machining of the bearing surface on the plate assures 100% 
tightness of the valve in open or close position. Each valve is 
shop tested for this factor before installation. 

4. CONVENIENCE OF OPERATION: It only takesone 


man tooperatea B.H.Co. Westling Valve, through its easy manual 






B. H. Co. Westling 


Valve installation control. Another point of convenience—B. H. Co. Westling 
handling raw, hot Valves are assembled and tested in the shop. No extra work néces- 
blast furnance gas sary at the point of installation. 

at Hamilton Coke & 5. PERMANENCE: B. H. Co. Westling Valves last indefi- 
Iron Co., Hamilton,O. nitely, and work efficiently after long periods of disuse. The only 


working parts are three chrome steel jack screws, encased in a 
grease chamber supplied with high pressure lubrication, and per- 
manently out of contact with air, dirt, or gas. If the valve re- 
wg mains in one position for long periods, this arrangement imme- 
om-m-_  S diately responds to the control when needed. 





























 ertnarine Ose. wire onense 
Oe 6. STANDS UP UNDER ALL CONDITIONS: Instal- 
A eL 2 lations on hot,dirty gases from both producers and blast furnaces, 
—f;- i ranging in temperature from 300°F to 600°F have given complete 








satisfaction. Units can befurnished to withstand any temperature 
or corrosive conditions in process or plant operations, 


7. SAFETY: Add up the factors listed above, and you get 


safety from the B. H. Co. Westling Valve: 100% safety 


° ° 


j 

qd I= 

ae ~ CHAIN WHEEL FOR OPERATING 
JACK SCREWS 



























Mail the coupon below for complete specifications, 
and descriptive literature. 





BARTLETT HAYWARD COMPANY 


WESTLING VALVE 


THE BARTLETT HAYWARD COMPANY 
BALTIMORE, MARYLAND 


Send me full descriptive literature and specifications 
of your Westling Valve. 

B. H. Co. Westling Valves 

are made in all standard 

sizes. Their full opening fea- 

ture allows for an unobstruc- 

ted gas flow and the elimi- 

nation of any deposits due to 

constriction of pipe area. I a. as rere See ennNiann ai uatigneemnene canigmaiiinin 
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Automatically-Discharged 


IRON AND STEEL ENGINEER 


DECEMBER, 1932 


Don't Penalize 
your 

Lifting Magnets 
with 


Inefticient Control Devices 








For Lifting Magnets, all sizes and types 














Manually-Operated Release 





OTE how the EC&M Auto- 

matic-Discharge Controller is a 
time and money saver for every 
magnet user. 


This Controller has only two 
positions, “Lift” and “Drop”. To 
release a load, the operator merely 
throws the small Master Switch to 
the “Drop” position and the load 
is automatically released and the 
magnet automatically disconnected 
from the line. 


Contrast this with previous types 
of Control Devices which required 
that the operator had to move his 
Master Switch from the “Lift” 
through the “Off” to the “Drop” 





position and, as the load was 1¢- 
leased, return the Master to the 
“Off” position. This required care- 
ful attention by the operator to 
secure a clean release. 


Why sacrifice the speed of your 
crane and magnet? Reduce your 
handling costs with the greatly im- 
proved EC&M  Automatic-Dis- 
charge Magnet Controller. Your 
maintenance costs, also, will be 
reduced, because this controller 
eliminates the highly destructive 
arcing on the main contacts. Send 
today for Specification Sheet S-33 
completely describing how this 
improved controller can be easily 
applied to magnets of all sizes 
and types. 


THE ELECTRIC CONTROLLER & MFG. CO. 








EC& 


A. |. 





CLEVELAND, OHIO 


AUTOMATIC-DISCHARGE 
LIFTING MAGNET CONTROLLER 
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“MOTOR-ROLLER” 


(SCHULTE AND OTHER PATENTS) 





Over 5000 of our self-contained 
Motor-Rollers operating in 
continuous and reversing serv- 
ice for years in all kinds of 
mills have proved reliable and 
instrumental in achieving re- 
ductions of operating and 
maintenance cost. 


Whether you contemplate the 
installation of new roller tables, 
desire to eliminate delays in 
your mills, or reduce operating 
and maintenance expense of 
existing tables, it will pay you 
to investigate “Motor-Rollers”’ 
and to obtain our recommenda- 


tion. 


We invite your request for 
further information or the visit 





of one of our Engineers. 


SCHLOEMANN 1201 “BURGH PA 


ENGINEERING company PITTSBU 
| | ) sae 


: ‘ a4 
a | wes te kN — 


we Ve destiny ee ~ bw és ow 
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IRON AND STEEL ENGINEER 


Up g0es the load! Down goes the load! Always under 
perfect control of the operator—because Keystone Con- 
tact Rail Material provides the constant contact that 
means, safe, steady transmission of power to your cranes, 
conveyors and other electric hoisting and hauling systems. 
Our engineers will be glad to co-operate with you at 
any time in the selection and installation of various types 
to meet your specific requirements. 


Refer to our Catalog No. 10 for complete listing. 
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Keystone 
Contact Ral 
Material 





A Keystone double tee rail 
standard complete with _in- 


sulators. 


Catalog describes 


many other methods of trans- 
mitting power. 














ELKLECTRIC SERVICE 


Home office and plant 
at 17th and Cambria 
Sts. PHILADEL- 
PHILA; District Of- 
fices at 111 N. Canal 
St., CHICAGO; 50 
Church St... NEW 
YORK. 


SUPPLIES CO. 


MANUFACTURERS 


of Power and Industrial Equipment 


Branches—Investment 
Bldg., Pittsburgh; 88 
Broad St., 
General Motors Bldg., 

Canadian 
Lyman Tube 
and Supply Company, 
Ltd., Montreal, To 
ronto, Vancouver, 
Winnipeg. 


Detroit ; 
Agents, 


Boston ; 
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Just a matter of... 


+ 


Ay 






If Thegenerators 
, in steel mills 
must team with 


motors on rolls, ma- 
chines and cranes to keep a satisfactory 
tonnage continuously flowing. They have 
to take heavy, sudden overloads, handle 
wide and rapid current fluctuation without 
fuss or fireworks on commutators. They 
must do this year in and year out with ab- 
solute reliabilty. Crocker-Wheeler Motor 








"Team 
Work” 





Generator Sets have won an enviable repu- 
tation by their ability to team up with 
steel mill equipment, stand up under the 
severe service and at the same time give 
high efficiency over a wide range of loads. 


Write our nearest district office for further 
information. 


Crocker-Wheeler Electric Mfg. Co. 
AMPERE, NEW JERSEY 
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Buffalo 
New York 


Birmingham Boston 


Houston Los Angeles 


Chicago 
Philadelphia 


Detroit 
Seattle 


Cleveland 
San Francisco 


Cincinnati 
Pittsburgh 
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The Tool Steel Gear & Pinion Co. 


Cincinnati, O. 
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DEFINITE CONTROL OF 
VW Akit 


You are not so much interested in how bearings are made as you are in how they perform. But since 
dependable bearing operation is predicated on how well they are designed and built, we 


repeat, that more definite control of quality than in the manufacture of Hyatt Roller Bearings cannot 


be found. Hyatt Roller Bearing Company, Newark, Detroit, Chicago, Pittsburgh, Oakland. 





Illustrated — Hyatt Single Row Radial Bearing and one of our optometer gauging instruments used for accurate final testing on Hyatt solid rollers 





B E A R 


G EN ER AL 
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@"R.B.” SWITCHES CHOSEN 
FOR VARIED CONTROL 








4-200 amp., 6-60 amp. front operated fusible “R.B.” switches and 2 meter 
— . . . . . . . . —_ 
service switches comprise this distribution center in a modern building. 


Distribution board space is reduced 200 amp. circuits “R.B” switch features 
Power riser east. Break full rated load. 
by using front operated switches. Power riser west. "Vystipe" fuse clamps. 
; Light riser east. Lower half of cover interlocked 
In the illustration | itches... . : ; . , 
© Rip eens to Sees Light riser west. with switch handle. Lift in "off" 
4-200 amp. and 6-60 amp. are in- 60 amp. circuits position to renew fuses. 
ae eer ae Boiler room power. Hole in end of handle for stick 
stalled side by side in a space 9 Passenger elevator. operation. Handle lies close to 
Auto elevator. — d "off" 4° 
feet 10 inches wide .. . less than Freight elevator. cover a 68 GN ON. pomnen. 
; Unit heaters. Slots in handle guard for locking 
a foot per switch average. Battery room power. switch in "on" or "off" position. 





THeTRUMBULL ELECTRICMFG.COMPANY 


Plainville Conn. 


A GENERAL ELECTRIC BB ORGANIZATION 
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Morgan Products Include 


BLOOMING MILLS 
HIS 54” Blooming Mill is typical of Morgan engineering PLATE MILLS 
CONTINUOUS MILLS 
STRUCTURAL MILLS 
standards of efficiency. It is one of the largest Blooming Mills ELECTRIC TRAVELING CRANES 
CHARGING MACHINES 


a ; Aa INGOT STRIPPING MACHINES 
rigidity. A two-cylinder roll balance allows for minimum head LADLE CRANES 


experience and representative of Morgan shop organization 
ever built. Mill housings are one-piece steel castings, insuring 


room. Manipulator is one of the overhead type, compact and SOAKING PIT CRANES 
STEAM HAMMERS 


accessible. Finger lifts and side guards, each operated by two crak Weise bonmelE 
motors in series, assure quick acceleration and greater tonnage. PRESSES 

; 7 : SPECIAL MACHINERY FOR 
All outstanding advantages of Morgan design-to-production STEEL MILLS 
responsibility are apparent in every Morgan job. . 


DESIGNERS 
MANUFACTURERS 


THE MORGAN ENGINEERING COMPANY CONTRACTORS 
New York, 25 Broadway ALLIANCE, OHIO Pittsburgh, 1420 Oliver Bldg. i 
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21,500 H.P., BACKED BY 15,000 K.W., 


DRIVING 76” CONTINUOUS HOT STRIP FINISHING MILL ........ 


This powerful d.c. drive in the “*hot powered from three 5000 kw., 500 


mill’? of the Inland Steel Company, r.p.m., 6600 volt, three phase, 25- 
Indiana Harbor, was furnished com- cycle, unity power factor, three- 
plete with control, switchgear, and machine synchronous motor-genera- 
transformers by Allis-Chalmers Mfg. tor sets. The ‘Frog Leg’? windings 
Co. Six 3500 hp., 175/350 r.p.m., 600 on the direct current machines give 
volt, d.c. motors drive six finishing 100% cross connection without cross 
stands. These motors, together with connectors or additional soldered 


a 500 hp. scale breaker motor, are joints. 


Allis- Chalmers Mfg. Company, Milwaukee, Wis. 
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Us FAILING sxer-s AnD PILLOW BLOCKS FoR 


PERFORMANCE 


WHERE 


You may buy a bearing 
asa barzain bu tryand 
get a bargain out of using 
it, for nothing is apt to 
cost so much as a bear- 
ing that cost so little, 





HANDICAP? To be out in the open 
under all sorts of weather conditions? 
Not for the S&&SF Ball Bearings and 
Pillow Blocks on this Fairbanks-Morse 
deep well pumping plant. Long-life, 
dependability and a minimum of main- 
tenance are demanded here and SiSF’s 
live up to such rigid requirements. 
Obviously, S:fSiF Performance Takes 
Preference Over Price. 

In numerous industries, SSS Bear- 
ings and Pillow Blocks are used on a 


st 
~~ sures tow © 
in operation 


wide variety of light and heavy duty 
equipment because unfailing perform- 
ance is assured. SS{SfP Bearings run 
smoothly, require less power, show no 
wear and need no adjustments. SSF 
Pillow Blocks are rugged and give pro- 
tection to the bearings against dirt, 
dust and moisture. &{0SF Bearings and 
Pillow Blocks are made to fit shaft 
sizes from % to 14% inches in diam- 
eter. Specify them for trouble-free, 
low cost operation on new equipment 
or for replacements. 


2940 





SKF INDUSTRIES, INC. 40 EAST 34th STREET, NEW YORK, N. Y, 








Ball and Roller Bearings 
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KEYSTONE 
diet through your 
















UBRICATION engineers 

agree that there is a 
proper lubricating diet required 
for various mechanical conditions. 
This Keystone diet is recommended after 
a careful study of conditions in various fields, 
plus the knowledge acquired in 48 years of lubricating experience. 





HARD Cup Grease was especially formulated for engine and 
general machinery use—for high speed crank pins, cross heads, eccen- 
tric straps, main and outboard bearings, and on all bearings where the 
use of heavy or solid grease is required. Used in hand compression 
cups and in spring compression cups of the Organ Type “A” style. 


MEDIUM Cup Grease was especially formulated for high speed 
electrical and woodworking machinery; also on ball and roller bear- 
ings and governors of high and low speed. Highly recommended for 
gear cases of pneumatic tools and for bevel gear housings of multiple 
spindle-boring machines. Used in hand compression cups and spring 
compression cups. 


SOFT Cup Grease was especially formulated for line shafting 
lubrication and is suitable for use in most plain bearings in Venango” 


Gravity Grease Cups. 
Keystone Cup Grease is also available 
in extra soft and extra hard densities 


KEYSTONE LUBRICATING COMPANY 
2st, Clearfield and Lippincott Sts., Philadelphia. Est. 1884 


KEYSTONE 
ecco LUBRICAN TS 


PHILADELPHIA. PA..US:A Your Keystone Distributor will be glad to 


- MADE IN USA » supply you with further information, or a 
- trial order of Keystone Cup Grease. 
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The KEYSTONE 
DISTRIBUTORS OF 
AMERICA 


Ala., Mobile, Marine Specialty Co. 
Calif., Los Angeles, The Keystone Lubricating Co. 
San Francisco, Marshall-Newell Supply Co. 
Colo., Denver, M. L. Foss, Inc. 
Conn., New Haven, The C. S. Mersick & Co. 
Del., Wilmington, Hudson Supply Co. 
Fla., Jacksonville, Georgia Supply Co. 
Tampa, The Cameron & Barkley Co. 
Ga4., Atlanta, J. M. Tull Rub. & Sup. Co. 
Savannab, Georgia Supply Co. 
Iil., Chicago, “Samuel Harris & Co. 
Ind., Evansville, Evansville Supply Co. 
Fort Wayne, The National Mill Sup. Co. 
Indianapolis, Indianapolis Belting & Sup. Co. 
lowa, Des Moines, Globe Machinery & Sup. Co. 


Ky., Louisville, Neill-La Vielle Supply Co., Inc. 
bs New Orleans, Marine Speclity. & Mill Sup. Co. 
Me., Portland, W. L. Blake & Co., Inc. 


Md., Baltimore, Carey Machinery & Sup. Co. 
Mass., Boston, A. W. Chesterton Co. 
Holyoke, Chase & Cooledge Co. 
New Bedford, Russell, Milhench & Harrison Co. 
Pittsfield, Berkshire Mill Supply Co. 
Springfield, W. J. Foss Co. 
* Taunton, Pierce Hardware Co. 
W orcester, G. R. Armstrong Mfrs. Sup., Inc. 

Mich., Detroit, J. T. Wing & Co. 

Grand Rapids, Barclay, Ayers & Bertsch Co. 

Minn., St. Paul, R. B. Whitacre & Co., Inc. 

Mo., Kansas City, Richards & Conover Hdwe. Co. 
St. Louis, The Keystone Lubricating Co. 

Neb., Omaha, Interstate Mach. & Sup. Co. 

N.J., Elizabeth, Hand Hardware Co. 

Newark, Johnson-Mandeville Co. 

New Brunswick, Strong Hardware Co. 
Passaic, H. W. Mills & Co., Inc. 
Paterson, H. W. Mills & Co., Inc. 
Perth Amboy, Perth Amboy Hdwe. Co. 
Trenton, Wiley-Hughes Supply Co., Inc. 

N. Y., Binghamton, Chas. Millar & Son Co. 
Brooklyn, Thos. W. Kiley & Co., Inc. 
Buffalo, Weed & Co. 

Jamestown, Clark Hardware Co. 
Kingston, Ulster Foundry Corp 
Long Island City, The Long Isl a Hdwe. Co. 
Newburgh, W. L. Smith 
New York City, A. P. Dienst Co., Inc. 
The Williams & Wells Co. 
Rochester, Haverstick & Co., Inc. 
Syracuse, Syracuse Sup ly Co. 
roy, Troy Beltin & Supply Co. 
Utica, Charles Mi “he & Son Co. 
N.C., Durham, Dillon Supply Co. 
Raleigh, P= Supply Co 
Ohio, Cincinnati, Wm. T. Tehesten Co., Inc. 
Cleveland, The W. Bingham Ce. 
pe A The Osborne & Sexton Mach. Co. 
Toledo, Kirkby Machinery & Supply Co. 
Okla., Oklahoma City, Mideke Supply Co. 
Tulsa, Machine Tool & Supply Co. 

Ore., Portland, Woodbury & Co. 

Penna., Allentown,Wm. H. Taylor &Co., Inc. 
Harrisburg, Appleby Bros. & Whittaker Co. 
Hazleton, Jere Woodring & Co. 

Lancaster, R. W. Cummings 

Philadel phia, Charles Bond Co. 
Pittsburgh, Somers, Fitler & Todd Co. 
Reading, Lang Engineering Co. 
Scranton, The Bittenbender Co., Inc. 
Wilkes-Barre, Eastern Penna. Supply Co. 
Williamsport, E. Keeler Co. 

York, York Machinery & Supply Co. 

B.S, Pawtucket, William K. Toole Co. 

a Clinton, Industrial Supply Co., Inc. 

Tenn., Knoxville, Tennessee Mill and Mine Sup. Co. 
Memphis, Riechman-Crosby Co. 

Nashville, John Bouchard & Sons Co. 

Texas, Brownsville, Alamo Iron Works 
Corpus Christi, Alamo Iron Works 
Dallas, Dallas Belting Co. 

Houston, Rosenfelder Machinery Co., Inc. 
Longview, Dallas Belting Co. 
San Antonio, Alamo Iron Works 

Utah, Salt Lake City, F. C. Richmond Mach. Co. 

Va., Norfolk, Empire Machinery & Supply Corp. 
Richmond, Smith- Courtney Co. 

Roanoke, Noland Co., Inc. 

Vt, Barre, Casellini-Venable Corp. 

Wash., Seattle, Woodbury & Co. 

W.Va., Charleston, Virginian Electric, Inc. 

Wis., Milwaukee, Shadbolt & Boyd Co. 

B.C., Vancouver, Gordon & Belyea, Ltd. 
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Ready for 


Instant service! 





Pennsylvania Heavy-Duty Transformers are shipped 
completely assembled and filled with oil, ready for 
service. 


Radiators are permanently welded to tank.  In- 
dividual radiator tubes can be easily cleaned and 
painted. Cost of installation as well as mainte- 
nance is thereby greatly reduced. 


This company is meeting the needs of the larg- 
est industrials and utilities with a complete line 
of distribution and power transformers. 


PENNSYLVANIA TRANSFORMER CO. 


28th St. & A. V. R. R. - Pittsburgh, Pa. 


Representatives in Principal Cities 


PENNSYLVANIA 
TRANSFORMERS 


DISTRIBUTION wa AND POWER 
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KACHCHHA 


The yogis of the Hindu maintain that they can 
project their minds to any portion of the world 
they wish to visit, while their bodies remain at 
home on useful work—kachchha, they call it 


Projecting the mind in this manner is no trick at 
all, as most of us can attest, but to keep the body 
usefully employed at the same time is a feat—with 
little call for it. 


nm 


Much more can be accomplished by keeping mental 
and physical effort in the same channel 


In other words, if your mind is now yearning for 
better commutation or for lower annual brush cost 
—it will net you very little until you physically 
grab a pen or phone and through it get in touch 
with one of the addresses below. 

















Main Office and Factory 
3302-3320 Anable Ave., Long Island City, N. Y. 


DISTRICT ENGINEERS AND AGENTS 

Pittsburgh, H. M. Thompson, 227 Race Street, Edgewood, Pa. 

Birmingham, Ala., A. J. Bowron, 435 Brown-Marx Building. 

Revere, Mass., J. F. Drummey, 62 Pleasant Street 

Los Angeles, Electrical Engineering Sales Co., 575 Subway Terminal 
Building. 

San Francisco, Electrical Engineering Sales Co., 622 Underwood Bldg. 

Toledo, Ohio, T. U. Franklin, 1360 Rollins Road 

Chicago, Ill., E. E. Smith, 806 Grace Street 

Torento, Can., Railway & Power Engineering Corp., Ltd., 171 
Eastern Avenue 

Montreal, Can., Railway & Power Engineering Corp., Ltd., 8745 
St. James Street West 


Winnipeg, Can., Railway & Power Engineering Corp., Ltd., P. O. 325 
UULUNUUULUUNLVUNAAL LUAU ALLL LAH tL 





ore ~~ — a 
bo 


[ 


A. |. & S. E. E.— TWENTY-FIVE YEARS OF ENGINEERING SERVICE TO THE IRON & STEEL INDUSTRY 





556 


IRON AND STEEL ENGINEER 





DECEMBER, 1932 








MAKE YOUR ROLL GRINDING A STANDARDIZED 
PRODUCTION PROCESS AND SAVE MONEY 


Former roll conditioning methods 
which required dependence upon 
the variable element of human at- 
tention and judgment are obsolete. 
Slow, costly methods and variable 
results need no longer be a neces- 
sary evil in your plant. 

The Farrel Heavy Duty Roll 


Grinder brings the accuracy and 
finish of rolls under close control 
and enables the plant management 
to fix definite standards of pre- 
cision and quality of finish, and 
to maintain such standards. 

In addition to substantial savings 
in roll finishing costs and in longer 
roll life, the control of roll accur- 


acy and finish permits control of 
the quality of steel sheets, assures 
uniformity of gauge and diminishes 


the quantity of sub-standard product. 


Farrel engineers are prepared to 
make a survey to determine the 
savings possible under your indi- 
vidual conditions. Consultation in- 
volves no obligation. 


FARREL-BIRMINGHAM COMPANY, INC., 42 Main St., Ansonia, Conn. 








With this substantial steel-frame construction as a basis, supplemented by dependable 
insulation and trouble-proof rotors, Reliance Induction Motors can be relied upon to 
tackle hard jobs with a good record for steady running. 


RELIANCE ELECTRIC & ENGINEERING CO., 1080 Ivanhoe Road, Cleveland, Ohio 
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RELIANCE“) MOTORS 
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An Investment in Baker Trucks 
is Self-Liquidating 
| ee 


engineer survey 











ym | " 
Even in times like /¥ HH 
these Baker Trucks 2 : 1) He 


are amortizing 


your handling 














4 


methods, and give 


tag 


their cost and in youareport of facts 


and figures. You 


ag OTS OF 


addition paying big 
dividends. These 


are provable facts. 





have everything 
to gain and noth- 


ing to lose. Isn’t it 





Don’t assume that Page os eee 
BAKER INDUSTRIAL TRUCK DIVISION 


of THE BAKER RAULANG CO. ; o 
your costs are as low as 2166 WantSch tees Canina Cn Just good business to 


, 
ELECTRIC TRACTORS AND TRUCKS 


possible. Let a Baker find out? 


























EXPLOSION PROOF 
CONDULETS 






































Type FLDC 
Appliance Breaker Condulet 





























Listed and described in Bulletin 
2254, which will be sent on request. 


Type FLC 
Circuit Breaker Condulet 




















CROUSE-HINDS @ 


ESTABLISHED 1897 





SYRACUSE, N. Y., U.S. A. Type FLFC 
CANADIAN PLANT: TORONTO, ONT Motor Starter Condulet 
} SALES OFFICES 
NEW YORK PHILADELPHIA CHICAGO CLEVELAND PITTSBURGH SAN FRANCISCO 
BOSTON DETROIT ATLANTA MILWAUKEE ST. LOUIS CINCINNATI MINNEAPOLIS LOS ANGELES DALLAS SEATTLE 
CH574 














A. 1. & S. E. E.— TWENTY-FIVE YEARS OF ENGINEERING SERVICE TO THE IRON & STEEL INDUSTRY 





558 IRON AND STEEL ENGINEER DECEMBER, 1932 





STIMPLE & WARD CO. 


INCORPORATED 


Manufacturers of Very High Grade 
Armature and Stator Coils 
In All Voltages 


PITTSBURGH, PA.—SINCE 1898 





SPECIAL — = SERVICE 














Increase Crane Efficiency 
Promote Safe Operating Practice 


with the 


Lintern 
Electro-Magnetic Sander 





Electro- 
Magnetic Sander 


THE NICHOLS-LINTERN COMPANY + CLEVELAND, OHIO 
CHICAGO BOSTON BIRMINGHAM PITTSBURGH 
Canadian Representative 
RAILWAY & POWER ENGINEERING CORPORATION, LTD. 

MONTREAL TORONTO WINNIPEG VANCOUVER 
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HAPPY NEW YEAR! 























THE MARTINDALE ELECTRIC CO. 


1256 WEST 4th ST., CLEVELAND, O., U. S. A. 






















































































275 of 100 Tons Capacity and over 
LADLE AND STANDARD CRANES 
59 100 tons 
Alliance Products : sientabiaidadaleia -WORM DRIVEN Ladle, 100 tons 
__ 115 tons 
STANDARD CRANES 6 reeeereeeereneeee WORM DRIVEN Ladle, 125 tons 
Up to 430 tons capacity 45 — 
STRIPPING CRANES ST. <asesiseosncinensirtndanesociibeapeaiaadiahlieaiaailiialastilciaiat 150 tons 
Up to 320 tons capacity Boe WORM DRIVEN Ladle, 150 tons 
6 eereeeenernnnnne WORM DRIVEN Ladle, 160 tons 
Ma: 2..." WORM DRIVEN Ladle, 165 tons 
Up to 200 tons capacity 7 WORM DRIVEN Ladle, 175 tons 
L TP - ccntiisiniisianiaiatanimaiaiiaaaiaaeeeia: a ae 
eas eis 3 WORM DRIVEN Ladle, 200 tons 
Soaking Pit Cranes 4 seen creectecnceecseitten roa tons 
Open Hearth Charging Machines ’ . nena 350 ont 
a . | 
a ene eee Cranes 3 _...... "WORM DRIVEN Ladle, 250 tons 
Gantry Cranes m « a DRIVEN Ladle, 275 tons 
Ore and Coal Bridges . < Oe ee 
Car Dumpers 1 a 300 tons 
Forging Manipulators a Pe 
Steam Drop Forge Hammers STRIPPING CRANES 

Coke Pushers, Levelers and Door 8 nn Hn fe ae Sadie aoeee 100 tons 
ters DS hs pore See 
Coal Pier Equipment 22 150 tons 
Rolling Mill Machinery ee 200 tons 
Cement Plant Machinery l Single Ram, 320 tons 
Dock Handling Equipment COMBINATION CHARGERS AND STRIPPERS 
Coke Oven Equipment 3 100 tons 
l ce ae 125 tons 
3 _. 150 tons 

4 200 tons | 
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Increase the 
range of your 
present mill 
by utilizing 
the power 
saved by 


MORGOIL 
BEARINGS 


Readily adapt- 
able to existing 
housings. 








MORGAN CONSTRUCTION COMPANY, WORCESTER, MASS., U. S. A. 


European Representatives 
INTERNATIONAL CONSTRUCTION COMPANY, LONDON; DAVY BROTHERS, SHEFFIELD 


yoRGA 


WORCESTER 





IN 


ENGINEERS AND MANUFACTURERS 











ROLLING MILLS GAS PRODUCERS WIRE MACHINERY 
COMBUSTION CONTROLS 
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